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ABSTRACT 
This study was designed to compare student achievement resulting from 
learning electronics concepts by computer simulation versus traditional 
laboratory instruction (manipulating actual components). The purpose of this 
study was to enhance the student knowledge about passive-devices electronics 
circuitry. Two groups of college students participated in this study over an 
academic year. 
The review of literature indicated three types of results from the 
computer simulation and its effects on students: 1) positive effect 2) negative 
effect 3) no effect. The majority of researches indicated that computer 
simulation enhances the student knowledge of the subject matter. 
Pretests were given to both groups in the first two weeks of this study. 
Twelve topics were covered in duration of this study. Each group received one 
hour of lecture and four hours of laboratory instruction per topic. The 
experimental group received two hours of computer simulation laboratory 
instructions followed by two hours of traditional laboratory instructions. The 
control groups received four hours of traditional laboratory instructions. 
Twelve quizzes, twelve homework assignments, a midterm and a final 
examination were given to the participants. All quizzes , homework 
assignments in addition to the midterm and final examinations were based on 
multiple-choice questions. 
xi 
Findings indicated that there were no significant differences between the 
control group and the experimental group for homework assignments, midterm 
and final, however, there were significant differences for the quizzes at a-.05. 
The control group scored significantly for the first (Ohm's law and power), fifth 
(alternating current and voltages), sixth (capacitors) and eleventh (frequency 
response of RLC circuits) quizzes. Interactions between the students were 
detected for the homework variable. Interactions between the midterm and the 
final examination were also detected. 
The results of this study revealed that the computer simulation should 
be applied to complex topics, however, this learning process should began with 
the beginning courses. This study also concluded that more time is needed for 
students who do not have computer literacy. Overall findings were in favor of 
using computer simulation in industrial/electronics technology and its related 
areas. 
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CHAPTER L INTRODUCTION 
Computer technology experienced a major breakthrough in the 1980s 
with the help of microprocessors developed by large corporations such as Intel 
and Motorola. This improvement in electronics and computer technology has 
allowed programmers to make what was unreachable twenty years ago on most 
mainframe computers, to become as simple as child's play. Today, 
programming can be done on a variety of microcomputers at home. During the 
past thirty years, especially within the last ten years, the United States has 
witnessed the integration of computer technology in virtually every sector of 
society. 
In recent years, large numbers of computers have infiltrated the 
educational system and they have been crucial for meeting many instructional 
needs (MOner & Wildberger, 1974). As result of this infiltration, it has become 
necessary to evaluate how effective computer simulation is as an instructional 
method or strategy. Much research has been focused on the effect of computer 
simulation in many areas (Baureis, McKinley, Seitzer, 1991; Konstadakellis, 
Siskos, Laopoulos, 1992; Wen & Triplett, 1991). However, in relationship to 
education, there is no consensus as to whether computer simulation should be 
implemented into the classroom (Banzhaf, 1991). Perhaps because of this 
uncertainty about the usage of computer simulation, especially in entry level 
courses, more specialized studies should be conducted (Nejad, 1992). 
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There is evidence that many industries are using computer simulation. 
Large corporations such as IBM, Apple and DEC have already experienced the 
advantage of design with computer simulation. Many companies have adopted 
the simulation procedure (Banzhaf, 1991). The complexity of electronics 
circuitry has made computer simulation a necessity in modem electronics 
industries. In fact, several universities such as Massachusetts Institute of 
Technology, University of California at Berkeley and Iowa State University are 
using computer simulation as a tool for designing electronic circuitry. 
Despite the fact that studies have been conducted on computer 
simulation, the effectiveness of it varies from population to population and 
study to study (Euckert, 1984; Taylor, 1984); therefore, more studies with 
specific populations are needed. This research study compared the traditional 
laboratory teaching method (using actual components) with the use of computer 
simulation in conjunction with the traditional laboratory teaching method. 
One group received laboratory instruction in the traditional method which 
involved working with the actual components. The second group received 
laboratory instruction in the traditional method along with computer 
simulation. In this study the independent variable was the method of 
instruction whether it was traditional, hands on, or a combination of 
traditional and simulation. The dependent variable in this study included a set 
of homework assignments and a set of quizzes for each topic covered plus 
midterm and final tests. 
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The central purpose of this study was to determine if computer 
simulation should be applied in classes covering beginning level course of 
electronics to enhance higher student achievement scores and mastery of skills. 
Statement of the Rroblem 
This study was designed to evaluate and compare the effectiveness of 
computer simulation techniques in teaching basic electronic circuitry versus the 
traditional method involving passive components (resistors, capacitors, 
inductors, etc.) to freshmen college students. 
Objectives of the Study 
The objectives of this study were to: 
1. Compare the level of achievement between a group of college students 
who learned basic electronics circuitry (passive components) using 
laboratory experiments and a second group of college students who 
learned the same concepts using laboratory experiments and computer 
simulation. 
2. Determine the effectiveness of using computer simulation as opposed to 
using traditional laboratory experiments employing passive electronics 
circuitry. 
3. Assess the instructional methods and their effectiveness in teaching 
passive electronics circuitry. 
Evaluate the effectiveness of each instructional method by analyzing the 
results of posttests given at the end of each topic. 
Assess the effectiveness of each instructional method by analyzing the 
results of the tests given at the middle and at end of each topic covered in 
this course. 
Evaluate the effectiveness of instructional methods by analyzing the 
results of difficult items in all posttests. 
Research Questions 
This study was conducted to answer the following questions: 
Is there a significant difference between the two instructional groups as 
measured by the means of pretest PREcnt. and PREgxp.Cpretest)? 
Is there a signiïïcant difference between the two instructional groups as 
measured by the means of posttest through posttest (quizzes)? 
Is there a significant difference between the two instructional groups as 
reflected by the means of posttest through posttest (homework)? 
Is there a significant difference between the two instructional groups as 
measured by the means of posttest MID (midterm)? 
Is there a significant difference between the two instructional groups as 
measured by the posttest FIN (final)? 
Is there a significant difference between the means of the two 
instructional groups on the difficult items of all posttests? 
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7. Is there a significant difference between the attendance of the control 
group and the experimental groups? 
Assumptions of the Study 
This study was based on the following assumptions: 
1. The students were normally distributed between the control group and the 
experimental group. Complete, intact classes participated in this 
research. 
2. The computer awareness of the control group and the experiment I group 
were equivalent. 
3. The electronics background of the control group and the experimental 
group were also equivalent. 
4. The instructor was not biased toward either the control group or the 
experimental group in instruction or assessment. 
5. The control group and the experimental group did not interact to a degree 
which biased the findings significantly. 
6. All the laboratory experiments were the same for both the control and the 
experimental groups. 
Delimitations of the Study 
The students participating in this study were enrolled in the spring and 
fall semester of 1992 in lEDT 140 (basic electronics) in the Department of 
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Industrial Education and Technology at Iowa State University. This study was 
limited to the topics listed below during the thirty weeks of experiment^: 
1. Ohm's law and power 
2. Series circuits 
3. Parallel circuits 
4. Series-parallel (combination) circuits 
5. Alternating current and voltages 
6. Capacitors 
7. Inductors 
8. Transformers 
9. Frequency Response of RC circuits 
10. Frequency Response of RL circuits 
11. Frequency Response of RLC circuits 
12. Pulse response of RC and RL circuits 
Procedures of the Study 
The following procedures were used in the study: 
1. Identify and isolate the problems. 
2. Conduct a related review of literature. 
3. Identify the population. 
^ The sequence and the amount time spent was the same for both control 
and experimental groups. 
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4. Select and formulate the pretests and posttests. 
5. Administer the pretest. 
6. Teach the topics. 
7. Administrate the posttests. 
8. Collect data. 
9. Implement the statistical analysis. 
10. Analyze the results of pretests and posttests. 
11. Identify the findings. 
12. Interpret and discuss the proper conclusions and recommendations and 
prepare the final report. 
Definition of Terms 
Active Components - Electronic devises that require biasing for operation. 
Breadboarding - The process of installing components on the a circuit board 
and connecting them to a specific circuit (Floyd, 1991). 
Computer Assisted Learning (CAL) - Using a computer to aid in the learning 
improvement process. 
Computer Simulation - Using a computer to duplicate an almost identical 
circumstance and finding the consequences of that circumstance. 
Computer Assisted Instruction (CAD - Using a computer to aid in the teaching 
improvement process. 
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Design Center - A graphical interface software developed by MicroSim 
Corporation to use Windows^ to draw electronics circuitry. 
Environmental Protection Agency (EPA) - An agency of the United States 
Government that sets, monitors and enforces laws and regulations in both 
industrial and civilian sectors to ensure air and water quality. 
Experimental treatment - A combination using the traditional method and 
computer simulated laboratory instruction. 
Passive Components - Electronic devices that do not require biasing to operate, 
such as resistors, capacitors and inductors. 
Probe - A graphical interface that allows the user to view the wave-form on a 
computer monitor. 
PSpice^ - A software program developed and registered by MicroSim 
Corporation to design and analyze analog and digital circuitry. 
RC circuits - A circuit consisting of at least one resistor and one capacitor 
connected either in series or parallel. 
RL circuits - A circuit consisting of at least one resistor and one inductor 
connected either in series or parallel. 
RLC circuits - A circuit consisting of at least one resistor, one inductor and one 
capacitor connected either in series or parallel. 
^ Windows is the trade mark registered by Microsoft Corporation. 
^ PSpice is the trade mark registered by MicroSim Corporation. 
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SPICE - Simulation fVogram with Integrated Circuit Emphasis. 
Traditional laboratory - Employs hands-on experiments with usage of actual 
components. 
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CHAPTER n. REVIEW OF LITERATURE 
There has been a large number of studies related to computer 
simulation. It is essential, however, to emphasize, the studies which have been 
done in recent years. Evidence suggests that the results of these studies would 
give more significance by comparison to earlier studies. Recent studies are of 
great value due to the improvement of hardware and software design, and 
availability and affordability of microcomputers. In educational systems three 
types of results have been reported relating to implementation of computer 
simulation: 
1. Improvements in better understanding of the topic(s) resulting in higher 
performance (positive results). 
2. Decline in better understanding of the topics(s) resulting in lower 
performance (negative results). 
3. No significant changes in better understanding of the topics(s) resulting in 
identical performance (same results). 
Regardless of the type of software used in the following studies, these 
categories exist, however, since this research involves usage of a 
microcomputer. Before discussing the above topics, it is beneficial to review 
the history of IBM^ microcomputers. 
^ IBM is a registered trademark of International Business Machines 
Corporation. 
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History of IBM Computers 
Before Thomas Watson, Sr. changed its name from Calculating 
Tabulating Recording (CTR) to International Business Machine (IBM), CTR 
was primarily concerned with developing punch-card calculating and sorting 
machines in the United States (Veit, 1993). 
IBM tradition 
Thomas Watson was trained under National Cash Register (NCR) where 
he had demonstrated his management ability (Veit, 1993). The main tradition 
of IBM was to develop a sense of loyalty among employees and as long as this 
loyalty was in place, the company provided the best welfare for its 
organization. This policy was continued under the leadership of Thomas 
Watson, Jr. IBM's centralization is perhaps one of its unique characteristics 
among computer manufacturers. 
MfliTTframe computers 
Originally, neither developing microcomputers nor producing office 
typewriters were IBM's main or dominant areas. During the years following a 
transition from key punching devices, IBM's main business interest was largely 
concerned with mainframe computers (Veit, 1993). However, IBM also made 
computer peripherals and office typewriters. Initially, IBM leased computer 
equipment and provided the software as well as the hardware and peripherals. 
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In addition, a leasing option was available for those customers who were 
unable to buy the unit(s). 
Personal computers 
Many people believe that personal computers were developed in the early 
1980s, however, this is not true. The first personal computer developed by 
IBM was, in fact, the IBM Model 5100 which was developed in early 1970s 
(Veit, 1993). The Model 5100 was a device which used a small digital cassette 
for program storage. It had 5-inch CRT and was capable of running BASIC 
and APL. It was not interfaced to a larger machine and it ran non-standard 
software. A hefty price of $10,000 kept it out-of-reach to most potential buyers. 
At that time IBM did introduce an improved mini-computer, the Model 5110, 
however, the development and improvement of small, personal computers were 
far from the company mainstream. 
It wasn't until a construction article for the MITS Altair first appeared 
in Popular Electronics in January 1975, that the personal computer industry 
was bom (Veit, 1993). IBM started to keep a careful eye on the development of 
the personal computer. During this 10-year period Apple Computers grew from 
a small garage operation to a major computer company with $2 billion in 
revenues. With the introduction of Apple if computers and VisCalc in 1976, 
work formally done on IBM mainframes was being executed in offices on the 
^ Apple II is a registered trademark of Apple Corporation. 
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smaller personal computers. In 1980 IBM made a corporate decision to 
concentrate on building small computers in quantities. At first IBM had to 
start buying assembled units and parts from other companies, clearly a 
breakthrough into company tradition. 
IBM, Iptfil find other computer 
A microprocessor is the heart of the computer, therefore, IBM chose the 
Intel® 8088 microprocessor for its new generation of computers. The 8088 chip 
is a 16-bit microprocessor with 8-bit address and it uses an 8086 instruction 
set. Until this time (1980-1981) it was not in IBM's tradition to use other 
manufacturers' parts, such as monitors and disk drives. However, to propel 
itself into the market, IBM had to quickly produce a personal computer. This 
eventually led to the development of the IBM PC Jr. which was later expanded 
to the IBM XT^ and AT®. The operating system for the XT computers was 
designed by Microsoft and the printers were supplied by Epson®. Through 
extensive promotional advertising, IBM managed to market and sell a large 
number of computers either directly or through IBM dealers. 
® Intel is a registered trademark of Intel Corporation. 
^ XT stands for extended, since 640 kilo bytes of memory could have been 
installed into the system which at the time, however, seemed to be more than 
enough. 
® AT stands for Advanced Technology. 
® Epson is a registered trademark of Epson Corporation. 
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IBM compatible computers 
The company reached a phenomenal height but the euphoria did not last 
long. Other manufacturers started to compete with IBM; however, IBM held 
copyrights on the ROM (Read Only Memory) BIOS^ (Basic Input Output 
System) of its computers. This problem for competing manufacturers was soon 
solved by Phoenix® Development of Cambridge, Massachusetts through "reverse 
engineering". This technique allows a company to re-program the ROM chip in 
a way so that the function of the chip would remain the same (Veit, 1993). 
AT computers 
The AT (Advanced Technology) computers (also known as the 286 
machines) were introduced in 1984. The advantage these machines were in 
their great speed and the fact that IBM used a new Intel chip, 80286, which 
had a 16-bit external bus. (The AT bus is also known as an ISA (Industry 
Standard Architecture bus). IBM enjoyed instant success and until about 1985, 
IBM was the only company manufacturing AT computers. In addition, IBM 
sold a large number of the faster AT computers to corporations who had been 
using the slower XTs for word-processing. 
' The BIOS (Basic Input Output System) contains specific information to 
make sure the computer is booted-up and functions properly. The information 
is programmed into an IC chip called ROM (Read Only Memory). 
® Development of Cambridge of Massachusetts is a registered trademark of 
Phoenix Technologies Ltd. Corporation. 
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Sfifi HTift 486 computers 
Unlike the XT and 286 computers, the 386 computers were not a success 
for IBM. In fact, Compaq® was the first company that took advantage of Intel's 
80386 and introduced a system using this chip. The 80386 chip had a 32-bit 
bus which was compatible with the 286 computers and it ran at higher speed. 
These computers were being marketed as early as 1987. Perhaps this was an 
important turning point in the history of personal computers-IBM was no 
longer leading the PC industry. Newer, faster 486 computers were developed. 
They were basically an integration of the 386 machines. The 486 took 
advantage of Intel's 80486 chip which had a co-processor built into it and ran 
faster than the 386 machine. 
Pentium computers 
The Pentium chip was first released on March 1993, however the chip 
was not available to the consumer until the last quarter of that year. This 
microprocessor is the only processor available in the market today that exceeds 
100 MIPS (million instruction per second). It has two models: 60 and 66 Mhz 
(Halfhill, 1993). The performance of the CPU (central processing unit) alone 
for the 60Mhz chip is 1.6 times faster than the 486DX2 66Mhz (Greham, 1993). 
This processor has a 64-bit bus which, theoretically, should run the system 
twice as fast, however, in reality this is not always true (Ryan, 1993). While 
® Compaq is a registered trademark of Compaq Corporation. 
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the 80X86s were the dominant processors of the 80s, the Pentium processors 
will dominate 90s. 
Studies Reporting Positive ESects of Computer Simulation 
Eucker (1984) investigated the effects of three levels of system direction 
of learning approaches using computer simulation of an imaginary science. A 
sample of 63 Southern California high school students took part in the study. 
The three treatments varied from a full system assignment of the learning 
techniques to a no system assignment. The findings demonstrated that subjects 
under a full system assignment performed better than subjects given only a 
scheme of directions on the more complicated rules, but that there were no 
significant differences in overall scores or frustration ratings among the three 
treatment groups. 
Using a computer simulation in finance, Dick (1985) wrote a 
computer-based management information simulation model and programmed it 
for use to study fiscal conditions affecting education in Ohio. The process was 
studied by identifying file elements and analyzing the program itself. The 
results of the study concluded that, although the model as developed provided 
the structure and documentation to plan full implementation, it was not 
feasible for an individual to maintain and support the model and that it was 
difficult to transfer the model and its programming language from one piece of 
computer hardware to another. 
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Coyle (1985) noted a gap between state-of-art educational research and 
what is practiced today. The majority of available Computer Assisted Learning 
(CAL) software at the time, however, lacked appropriate design features that 
would enable the computer to meet its potential for an infusion of problem 
solving, information processing, and model building skills into the current 
curriculum. 
Knowing these problems, there were very few studies done about the 
effectiveness of computer simulation and its application in education or 
industry. This is probably due to the fact that, in the mid 1980s 
microcomputers were expensive and their capabilities were not as great as 
compared to what is available in the market today. 
In terms of software, the same problem existed in the mid 1980s. Kronk 
(1985) performed a study to determine the effect of a computer simulated client 
on the learning of empathie responding. The results showed that the 
interaction with the client simulation was statistically significant. Treatment 
subjects had improved in written responses. 
Borst (1985) investigated the assessment of concurrent, predictive, and 
construct validity and test-retest reliability of a computer simulation designed 
to test for control of variables as described by Inhelder and Haget. The results 
indicated that, on the basis of the panel's evaluation and the statistical 
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relationships between the computer simulation and the Pendulum Task^°, the 
technique had a degree of construct validity with the Pendulum Task. In 
addition, concurrent validity could also be established on the basis of 
non-parametric correlations. The results also established test-retest reliability 
and gender bias. 
Woodward (1985) studied the effectiveness of computer simulation in 
magnifying student learning in a unit of health. The results showed significant 
differences on basic facts and concepts that were strengthened by the 
simulation. Differences were also noted on a maintenance test given two weeks 
after the posttest. The most significant difference was found in the test that 
measured problem solving skills. 
Eisenkraft (1986) indicated that students^^ who received computer 
simulation were more successful at discerning functional relationship and 
scored higher on an achievement test than students who performed the 
traditional laboratory experiment. No significant difference was found in the 
students' ability to perform transfer tasks on actual laboratory experiments. 
Kelley (1986) studied the use computer systems to replicate the army's 
new Ml tank. The results showed that soldiers who used a light pen and 
Statistical analysis was done by correlating the computer simulation 
scores with the Pendulum Task, the Lawson total score, the five Lawson sub-
scores, and the ACS test scores. 
The subjects were 225 students enrolled in a high school physics course 
in three suburban high schools (Eisenkraft, 1986). 
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simulated test equipment could effectively troubleshoot the tank employing 
only the technical manual and video terminal display. 
Hollingsworth (1987) analyzed students' results using computer 
simulation in health for a period of fourteen days. Students in both groups 
studied health using a traditional form of health curricula and also a computer 
health simulation. The findings showed that the treatment group scored 
significantly higher than the control group in achieving the defined objective, 
however, both groups scored significantly higher in the posttest than the 
pretest. 
Krishnamachari (1988) reported how the use of computer simulations 
could be helpful to average mathematics students to understand basic concepts 
of probability. The results noted that students receiving simulation understood 
the concept of probability better than those who did not. 
Carisen (1989) investigated the effectiveness of computer simulation on 
student enrollment in freshman psychology courses. Hie results indicated a 
significant difference among the students receiving the simulation^^. 
Hwang (1989) found that students using computer simulation 
individually would have a better score on the posttest as compared to those 
who worked with a partner. The results also indicated that students using 
An Apple Macintosh computer was used to perform the simulation. 
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computer simulation for computer numerical control received the same score on 
the posttest as the control group. 
Willis (1989) studied the development and evaluation of a computer 
simulation, IRIS (Informal Reading Inventory Simulation), which can be used 
as an adjunct to classroom instruction on the administration and scoring of an 
Informal Reading Inventory. The results clearly support the use of computer 
simulation as an adjunct to traditional classroom instruction on the Informal 
Reading Inventory. 
Kasow (1990) investigated the effect of computer simulation on 8th grade 
students. The findings showed that the students' social studies awareness was 
augmented by the use of the simulation. Although the results did not show an 
increase in the students' knowledge of mathematics concepts, a tendency 
toward an increase was apparent. 
Students who were exposed to computer assisted cooperative learning 
(CACL) significantly gained in determining solutions and solving more 
computer simulation tasks (Butler, 1991). A second study reported in the same 
year (Kraft, 1991), lightning performance on a transmission system using 
PSpice, demonstrated that the PSpice program is, in fact, an excellent program 
to simulate lightning phenomenon on an electric power transmission line. 
21 
Studies Reporting Negative Effects of Computer Simulation 
Park-Kim (1987) found that K-12 students have a negative direction in. 
their attitudes towards computer simulation. The results for the experimental 
group in this study were not shown to be statistically significant, perhaps, 
because of the very small sample sizes. 
Garren (1990) found that students using computer simulation in digital 
electronics showed less interest about the subject than those who did not 
receive computer simulation. However, the results from the posttests showed 
no significant difference between the group using simulation and the group 
using the actual components. 
Studies Reporting No Ejects due to Computer Simulation 
Choi (1984) measured the effectiveness of computer simulation using the 
attributes of the microcomputer versus using parallel instruction consisting of 
hands-on laboratory experiences in the teaching of the concept of volume 
replacement. The results indicated that computer simulated experiences could 
substitute for hands-on laboratory experiences with an expectation of equal 
performance levels by students in approximately one-half the time needed for 
the hands-on laboratory experiences when including certain topics in secondary 
school science. This study also showed that a computer program could be used 
to replace more expensive devices or materials employed in many traditional 
hands-on laboratory experiments. 
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Hwang (1989) indicated that students working in pairs asked for less 
assistance from the teacher, allowing the teacher more time to conduct other 
tasks. 
Shaw (1984) found that microcomputer simulations, laboratory activities, 
and a combination of the two instructional strategies resulted in greater 
accomplishment than customary classroom instruction. Neither achievement 
nor attitude differences were observed between the three treatment groups 
receiving computer simulations, laboratory activities, or a combination of the 
two. 
Taylor (1984) evaluated the comparative efficiency of a shared campus 
arrangement, the Auraria Higher Education Center campus in downtown 
Denver, Colorado, by comparing the present operating system to simulated 
models of three hypothetical institutions operating independently from one 
another in split facilities. Five selected cost centers—general administration, 
library, student services, physical plant, and resident instruction—were 
compared by operating budgets. The results showed that no clear indication of 
efficiencies for cooperative as compared to independent operations was found. 
Morgan (1986) noted that the group (NCE) not using computer 
estimation achieved significantly better scores than the computer estimation 
(CE) group. This study was conducted in a public elementary school. 
Rohrbach and Stewart (1986) conducted research to certify the effect of 
using computer assisted instruction as compared to the lecture-discussion 
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method in teaching principles and technique of cost recovery. The results 
indicated that the lecture-discussion technique was more effective than CAI in 
teaching the application of principles and concepts, and having experience with 
a computer had no effect on the students test scores. 
Morgan (1987) reported no significant difference using computer 
simulation on student comprehension of a computer sorting algorithm when 
advanced organizers were employed during the instruction process. 
Students who received computer simulation or laboratory experiments 
before the actual reading of the text, scored higher than those who read the 
text first (Gokhale, 1989). The results also indicated that there was no 
significant difference between the students who received computer simulation 
and those who received laboratory experiments in their achievement scores. 
Kruse (1989) investigated the effectiveness of video disc or computer 
simulations of physics experiments. The results showed that there was no 
significant difference in the proficiency to control for variables, the number of 
measurements made during the investigation, or the success in finding a 
relation between variables being studied, by students using the two methods. 
Cannaday (1990) studied the effect of computer assisted instruction on 
mathematics with a group of sixth graders. The results showed that no 
significant difference existed between the groups on enhancing student's 
performance on mathematics concepts, mathematics problems, mathematics 
computations, or mathematics total. 
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Nejad (1992) conducted a research study of the effect of computer 
simulation applied to sophomore level of electronics at Iowa State University. 
The results showed no difference between the group that used computer 
simulation and the group that did not. The results also indicated that the 
instructor does not have an effect on teaching the electronics material. Two 
instructors were involved during the teaching in that research. A 
recommendation suggested employing a lengthier period of study in basic level 
electronic courses. 
Facts About Simulation 
Ziegler (1985) reported that pre-service teachers were notably less 
knowledgeable about computer simulation than experts. Ziegler recommended 
training pre-service teachers in the evaluation of instructional computer 
software. 
Larsen (1986) indicated that only the level of educational experience had 
a significant impact on persistence regarding computer simulation and 
suggested that computer simulations should be implemented in vocational 
programs. 
Usage of computer simulation was shown to be an effective mechanism 
for decreasing student misconceptions in Physics (Lubert, 1986). 
For problem-solving theory, cognitive development, and science teaching 
computer simulation plays a positive role (Lavoie, 1986). 
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Miller (1986) suggested that computer assisted instruction should be 
used in learning more complex topics. No significant difference was noted on 
simple topics using CAI (Miller, 1986). 
Students and teachers have a positive reaction toward computer 
simulation (Hess, 1987). Apple II computers were used in an experiment that 
found gender to be irrelevant to the implementation of computer simulation 
(Hess, 1987). However, in another study, gender was a factor for 
implementation of computer simulation (Oringer, 1987). In Oringer's study, 
males seemed to score higher than the females. Perhaps the question still 
remains as to whether or not there is any correlation between the gender and 
computer simulation. Gender, age, and experience with computers were not 
related to student learning (Contant, 1987). 
Connections between learning substances, social diversity in the 
computer learning environment, the role of the instructor in the computer 
learning environment, and the nature of the computer's "interactivity," are key 
distinguishing features of this technology (Mclellan, 1987). 
In other studies of computer simulation use, Rowland (1988) indicated 
that computer simulations might be better at preparing learners for application 
tests. 
Schmid (1989) investigated whether or not a one-computer classroom 
was as effective as a multi-computer classroom when giving a professionally 
designed social science simulation to average high school students. The results 
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indicated that single-computer classes revealed consistently better attitudes 
toward computers after treatment than multi-computer classes. 
Perhaps further class discussion, homework, and hands-on exercises also 
should be required to master the electricity and economic concepts embedded in 
the simulations (Rosner, 1989). 
Educational institutions can save cost in implementing computer 
simulation laboratory experiments for selected engineering technology courses, 
as corresponding to "hands-on" experimental instruction provided by most 
traditional programs (Sehi, 1990). 
Instructor implementation of a CAI innovation was challenging and 
complex process as reported in a case study of four special education teachers 
who implemented a staff development innovation of computer assisted 
instruction within their instructional programs (Zmurko, 1990). 
The effect of computer assisted instruction on motivation and anxiety 
should be clarified within the context of other facts such as course grades, 
student gender, and student area of study (Hurt, 1991). The attitude of 
students toward computers is a complicated phenomenon, therefore, no obvious 
generalization concerning attitude toward computers can be truly applicable 
(Connell, 1991). 
Thomas and Hooper (1991) indicated that: 
Currently, simulation research literature covers practically any computer 
program that is used for any purpose and supported in any manner. 
Until this confusion is removed, the potential of simulations will go 
27 
unrealized, and the morass of contradicting literature will continue to 
increase, (p. 510) 
Computer Simulation Applications 
As mentioned previously, computer simulation applications are not 
exclusively applied in the electronics area. Two examples of these practices in 
real life situations center around a concern about the ethanol fuel. Looker 
(1992) reported that : 
The president of the National Com Growers Association 
Wednesday called on President Bush to approve by August 25, 1992 the 
use of ethanol fuels in cities with smog problems . . . Trotter^® said the 
Environmental Protection Agency (EPA) has accepted the methods used 
for the study, which was based on a computer simulation of a smog alert 
in the Chicago metropolitan area. A similar study is being conducted on 
New York City airshed, (p. 10) 
This study reflects actual usage of computer simulation in society. Another 
such example reported by Kasler (1992) is as follows: 
An Ames computer graphical company won a $1.9 million federal grant 
Tuesday to create an animation model of the human body. Engineering 
Animation Inc. (EAI) will team up with the Mayo Clinic to develop 
software for a three-dimensional computer simulation of a human being. 
The program will allow a user to 'peel back' layers of tissue and skin to 
several internal organs and observe the motion of tendons and muscles, 
(p. 8) 
Morad and Beliveau (1991) stated that construction plans can be 
simulated by using the Computer Aided Design (CAD) and ArtiScial 
Intelligence (AI). 
The president of the National Com Growers Association. 
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There are many other examples about the usage of computer simulation. 
These examples indicate the following facts about the simulation techniques: 
1. Computer simulation reduces the amount of time usually required to 
conduct the actual design, experiments, etc. 
2. Computer simulation reduces the cost required for the actual design, 
experiment, etc. 
PSpice Simulation Program 
Many studies have been conducted using PSpice simulation. Several of 
these studies used this software for teaching various aspects of electronics 
technology. This section discusses the PSpice software and several studies that 
have been conducted using PSpice in different areas of electronics. 
PSpice software 
The software programs for computer simulation which were used in this 
study is called FSpice. There are many SPICE (Simulated Program with 
Integrated Circuit Emphasis) software available on the market. PSpice is one 
of the known software used in electronic simulation. 
History of Spice In the late 1970s and early 1980s there was a 
fascination for improving the quality of graphics and images in movies. The 
computer industry had just begun to focus on computer simulation (Sorensen, 
1984). It is interesting to note that the Spice program started from a PhD 
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dissertation at University of Berkeley in the late 1960s (Scott, 1989). In earlier 
versions of Spice the program collected information such as the value of 
resistors from the user and calculated the given information as if those 
components were a breadboard. MicroSim Corporation (the producer of PSpice) 
described the software as: 
PSpice is a member of the SPICE family of circuit simulators. The 
programs in this family come from the SPICE2 circuit simulation 
program developed at the University of California at Berkeley during the 
early 1970s . . . PSpice, the first SPICE-based simulator available on the 
IBM-PC, started being delivered in January of 1984. (MicroSim 
Corporation, User's Guide, 1992, p. 421) 
Scott (1989) noted that: 
Spice was always capable of running on any type of computer. However, 
if you wanted to simulate a great number of nodes the program needed a 
great deal of computer power to produce results within a reasonable 
period of time. Ten years ago, for example, it was found only on 
mainframes at universities and large corporation, and you had to justify 
the cost of simulation time by citing the cost of IC fabrication, (p. 193) 
When Version 4 of PSpice was released it contained a Digital Simulator 
Extension (DSE) which would allow the designers to run both analog and 
digital signals simultaneously (Milne, 1988). PSpice was about eight years old 
when it was first introduced to the market whereas the IBM-PC was 29 
months old. 
It seems that, while Spice was unavailable to the majority of designers 
about ten years ago, with the recent drastic reduction in the price of computer 
hardware it has become possible to bring this luxury into homes and offices of 
today. 
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PSpice parameters MicroSim Corporation, the developer of PSpice, 
has indicated that: 
f%pice allows you to simulate and test circuit design containing both 
analog and digital components without having to build the hardware 
equivalent. . . Pspice allows you to create a "computer breadboard" of 
the circuit for testing and refinement before actually having to build it. 
(MicroSim Corporation, User's Guide, 1992, p. 421) 
During mid 1985 the SPICE program was introduced into the PC market 
right after Microsoft released Version 3 of its FORTRAN compiler CMicroSim 
Corporation, Reference Manual, 1992). 
PSpice is mainly used for design purposes, however, it can also be used 
for circuit analysis. Monssen (1993) noted that "The advent of programs such 
as PSpice has profoundly altered the work-place for new engineering 
graduates" (p. iii). 
Perhaps, if extra speed is required to simulate more complicated circuits 
on PSpice, an accelerator could be added to the PC (Accelerator Its PC, 1985). 
PSpice as compared to other simulation software such as the Analyzer II 
and ECA-2 is much more expensive, however, PSpice has other advantages. It 
is user friendly, has libraries containing most parts, and is industry standard 
(Martin, 1989). 
Studies involving PSpice 
Many engineers now take advantage of simulating software such as 
PSpice. This practice saves considerable amount of time and effort for 
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designing and testing purposes. There are other software programs available 
such as Micro-Cap, VHDL (Vantage Hardware Description Language), 
Electronics Workbench, SpiceNet, PreSpice, IsSpice, IntuScope, SPECS 
(Simulated Program for Electronics Circuit and Systems), SPICE2G3, ICAiy4" 
and Design Works that are used in computer simulation. However, the 
evaluation version^® of PSpice can be obtained from MicroSim corporation at no 
cost for educational purposes. Micro-Cap III is used for analog circuit analysis 
(Berube, 1993). 
Mokhtari (1992) conducted a study of the finite difference method (FDM) 
and indicated that: 
The FDM procedure applied to the modélisation of the 
electromagnetic wave propagation is a fast alternative procedure of the 
PSpice simulation for the calculation and phase along the coaxial cable 
in either the studied case of a linearly temperature dependent resistance 
or quadratic function, (p. 41) 
Nehmadi (1990) researched the enhancement of magnetic pulse 
compression (MPC) employing PSpice to examine the experimental laser 
voltage and current wave forms. A conclusion of the study was,"The model 
helps us to obtain a better understanding of the CVL^® drive circuit and it 
This includes SpiceNet, PreSpice, IsSpice, and IntuScope. 
This is a short version of the actual software and it does not contain all 
the parts in the libraries. 
Copper Vapor Laser. 
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improves its efficiency by changing different electrical circuit parameters using 
the simulation program" (p. 3810). 
Recently, MicroSim corporation began to change PSpice through the 
creation of The Design Center. The Design Center allows the operator to draw 
the circuit into page(s) and then run PSpice or Probe on it. This design center 
works on either Microsoft Windows or non-Windows environments (Donlin, 
1992). 
Gabay (1992) indicated that most simulation software are either analog 
or digital, and those with capabilities of running both cannot perform the 
operation simultaneously. However, PSpice has the capability of running both 
applications (analog and digital) at the same time (mixed mode of PSpice). 
Since the 1987 student version was written, the codes of the 
evaluation and production versions have been updated. These two 
versions now include a powerful digital option - that amongst other 
features - enables TTL and discrete components to be interconnected. 
(Stewart, 1992, p. 36). 
Ahmad (1990) used PSpice to determine thermal gradients for a simple 
heat-sink plate where component power dissipation and ambient temperature 
are known. Through PSpice, the analysis was simplified by breaking the plate 
into groups of small elements. 
Agnew (1991) indicated that there are very few studies reported in the 
literature about transducers, however, PSpice is one of the few software 
programs available that allows the designer to have the capability to 
accomplish such a task. 
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Many designers build and simulate their circuits by using the Spice 
simulation programs such as model thermistors (Hagerman, 1991), DC-DC 
converters power (Spearow, 1991), temperature to voltage converters (Horace, 
1990), fan controller^', mechanical shock detectors (Sherman, 1990), number 
converting calculators (Reesor, 1990), simplifying Boolen expressions program 
(Kum, 1990) and the programmable frequency divider (Blackwell, 1991). 
Most engineers working with servo and control-systems have used 
programs like ACSL^® and Matrixx^®, however, these programs help the 
physical interpretation of the system, or its conceptualization (Vincent, 1991). 
PSpice is capable of doing the circuit topology in. terms of basic components. 
"With a library of mechanical and electrical sub-circuits at your disposal, you 
can easily simulate a servo system comprising any number of nested sub-
circuits" (Vincent, 1991, p. 123). 
The computer simulation concept has also been recognized by the 
television industry. Radice (1991) noted, "You can use Spice-variety circuit-
simulation software to model NTSC (National Television System Committee) 
video signals. You can then use these models to design and test video circuits" 
(p. 117). 
This circuit would control the fan with respect to the temperature so the 
fan does not have to work at its maximum speed. 
ACSL is a registered trademark Mitchell and Gauthier Associates 
Corporation (Concord, MA). 
Matrixx is a registered trademark of Integrated Systems Inc. 
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Summary 
Significant research has been conducted to date employing computer 
simulation, however, more studies need to be conducted to clarify the effect of 
computer simulation in teaching diverse subjects in a variety of learning 
situations. This is true especially in beginning level courses taught in colleges 
and universities. It should be also noted that the majority of research has been 
conducted in short periods of duration (two to eight weeks). Not many studies 
have been conducted over a longer period of time. 
This topic of computer simulation has been identified as being of 
significance to teachers in providing them with the skills and knowledge 
necessary to effectively teach lessons in freshman electronic courses in college 
and universities. 
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CHAPTER m. MATERIALS AND METHOD 
This study was a quasi-experimental research design and used a 
quantitative research design model. Therefore, the procedure of quantitative 
research was followed. 
Overview of the Quasi-Experimental Research Design 
This study involved two groups of ISU college students enrolled in a 
basic electronics course. The fundamentals of electricity such as direct current 
(DC) and alternative current (AC) were covered in this class. These 
fundamentals included only passive components. The results of achievement of 
the two groups were compared. One group received computer simulation to 
complement the actual traditional laboratory experiments while the other 
group received only the traditional laboratory experiments. 
Population 
The population who participated in this study were ISU college students 
enrolled in a basic electronics course^. Because of the need for a large sample^ 
and time frame, a total of 76 students participated in this study (38 in each 
group). Students who enrolled in the Spring of 1992 were used as the control 
' The catalog name as of 1993 was Introduction to Electrical Energy (lEDT 
140). 
^ Most studies relating to this topic in the past have used a small sample 
and were conducted over a short period of time. 
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group and students who enrolled in Fall of 1992 participated in this 
experiment as the treatment group. A copy of the ISU Human Subjects 
Committee Approval form is shown in. Appendix A. 
Location 
This experiment took place in the Department of Industrial Education 
and Technology at Iowa State University of Science and Technology. Two 
laboratories located in the department were used to conduct this experiment: 
a) a computer laboratory located in lEDT Building II, Room 224; and b) an 
electronics laboratory located in lEDT Building II, Room lOA. 
T .iTni-Hng Conditions 
This study was limited to the following factors: 
1. Students who enrolled in the Spring of 1993 in lEDT 140; both sections A 
and B served as the control group. 
2. Students who enrolled in the Fall of 1993 in lEDT 140; both sections A 
and B served as the experimental group. 
3. PSpice Version 5.2 (the evaluation version) was used by the experimental 
group. 
4. Seventy-six students participated in this study. 
5. This study did not cover solid-state devices such as the diode, transistor, 
SCR . . . etc. 
6. This study was limited to selected laboratory activities. 
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7. This study was limited to instruction, provided by one instructor®. 
8. The materials covered in this study were related to theory with practical 
applications. 
9. In the electronics laboratory students used a station to work in groups of 
two. 
10. The text book used in this study was Fundamentals of Electricity by 
Floyd. 
Sampling Technique 
This study was a quasi-experimental design, therefore, the researcher 
had limited control over selection of the sample or population. Thirty-eight 
students who enrolled in lEDT 140, offered in the Spring of 1992, participated 
as the control group. Thirty-eight students enrolled in an intact class, lEDT 
140, offered in the Fall of 1992, participated as the experimental groupé. All 
students enrolled in Fall and Spring of 1992 participated in this study. 
Procedures 
Both groups were instructed using the same materials and topics. 
Twelve topics were covered in this study®, with one lecture plus four hours of 
® Nejad (1992) stated the effect of the instructor is, in fact, insignificant. 
^ The exception being some students who might have dropped the course 
later on. 
® These topics are listed under "Delimitations of the Study." 
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laboratory activities during each week. In the control group, all four hours 
used in laboratory activities were dedicated to practicing the theory discussed 
in the lecture, using the actual components to conduct the laboratory 
experiments. 
In the experimental group, two out of four hours were used to implement 
the computer simulation and the remaining two hours were designated to 
utilizing the actual components in the laboratory activities. Petests were given 
at the beginning of the experiment to ensure unbiased sampling. A copy of 
simulation laboratory activities can be found in Appendix B. 
At the beginning of each topic a take-home posttest (homework) was 
given related to the topic covered. All posttests were selected from the 
instructor/test bank manual which accompanied the text used in the class. 
Any interaction among students was impossible to control. At the end of each 
topic a posttest (quiz) was given related to the topic covered. After the 
introduction to AC (alternative current) another posttest was given covering all 
topics to that point. After covering all topics a final posttest was given 
containing questions from all topics covered. Student attendance in laboratory 
activities was monitored and compared. All tests included multiple-choice 
items. Students were informed of their scores and the correct answers to all 
tests except the final test for which only scores were provided. This practice 
was consistent with the university grading policy. 
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Materials 
The test instrument employed in this study was chosen from the 
materials covered in the text. All administered tests remained the same for 
both the control and experimental groups. No question relating to computer 
simulation was given to both groups. Each take-home test consisted of 35 
questions. Each posttest given at the end of every topic consisted of 20 
questions. The test that was given at the end of the sixth topic consisted of 70 
questions and the test that was given at the end of this study consisted of 100 
questions. 
Laboratory equipment 
The laboratory equipment used in this study accommodated two groups: 
a) the traditional group; and b) the simulation group. 
Traditional group The traditional group in this study used the 
following items in the electronics laboratory: 
1. analog multimeter (three different types) 
2. digital multimeter (three different types) 
3. RLC (resistor, conductor, capacitor, etc.) meter 
4. oscilloscope (50 Mhz) 
5. resistors (IQ-IMQ) 
6. capacitors (2200nF-22nf) 
7. inductors 
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8. power supplies 
9. signal generators 
10. Frequency-meters 
Simulatioii group In addition to the traditional group's equipment, the 
simulation group in this study used the following computers and software: 
1. IBM compatible microcomputers (486 33Mhz) 
2. Microsoft DOS Version 5.0 
3. Microsoft Windows Version 3.1 
4. Design Center Version 5.2 (developed by MicroSim) 
5. PSpice Version 5.2 (developed by MicroSim) 
6. Probe Version 5.2 (developed by MicroSim) 
HTiTinfln subjects 
Human subject participated in this study. Forty ISU College students 
who were enrolled in lEDT 140 (Fall semestei) participated as the control 
(traditional) group. Forty ISU students who were enrolled in lEDT 140 (Spring 
semester) participated as the experimental (simulation) group. Introduction to 
Electrical Enegry (lEDT 140) is offered by the Department of Industrial 
Education and Technology at Iowa State University of Science and Technology. 
Every subject participated in this study voluntarily. Their confidentiality was 
protected by all data being analyzed as group data and no identity of an 
individual is referenced. Class means were reported. 
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Data collection inatr'i'ments 
In order to measure the level of achievement between the experimental 
and control groups, several pretests and posttests were given to the subjects. A 
portion of these tests was take-home and the second portion was administered 
in-class. 
Pretest This instrument was selected by the author. Pretests were 
given within the first two weeks of the experiment: a) A set of take-home 
pretests (homework) containing 49 question was given at the beginning of the 
second week (Monday) and was collected at the end of second week (Friday); b) 
A set of in-class (quiz) pretests containing 20 question was given at the end of 
the first week (Friday); c) A set of in-class pretests (quiz) containing 20 
questions was given at the end of the second week (Friday). These pretests 
were given at different times and in sequence to ensure that the subjects had 
an adequate amount of time for their completion, and the amount of pressure 
due to test anxiety was intended to be minimized. A total 79 question was 
giving to the subjects as a pretest. 
The pretest questions were related to the textbook materials and not to 
the computer simulation. A copy of these pretests can be found in Appendix C. 
Posttest The posttests were also selected by the author. A total of 26 
posttests was given to subjects. A portion of the posttests included take-home 
(homework) and the rest was administered in-class (quiz). 
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Homework A set of homework assignments was given to the 
subjects at the beginning of each weekly topic (Monday) before any laboratory 
activities were initiated and it was collected at the end of same week (Friday) 
after completion of all laboratory activities related to that topic. Each 
homework assignment contained 35 multiple-choice questions with at least one 
correct answer for each item. These questions were related to the materials 
covered in that weekly topic, and not to the computer simulation. A copy of 
these posttests can be found in Appendix D. 
Quiz A set of quiz items was given to the subjects at the end of 
each weekly topic (Friday) before any laboratory activities and it was collected 
at the end of same week (Friday) after completion of all laboratory activities 
related to that topic. Each quiz contained 20 multiple-choice questions with at 
least one correct answer for each item. These questions were related to the 
materials covered in that weekly topic, and not to the computer simulation. A 
copy of these posttests can be found in Appendix E. 
Midterm After covering five topics a midterm exam was given 
to the subjects. This exam contained 70 questions related to the topics covered. 
Two hours were designated for completion of this exam. A copy of the midterm 
exam can be found in Appendix F. 
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Final After covering all 12 topics a final exam was given to the 
subjects. This exam contained 100 questions related to the topics covered. 
Two hours was designated for completion of this exam. A copy of the final 
exam can be found in Appendix G. 
Simulation program 
The computer simulation used in this study was The Design Center, 
developed by MicroSim Corporation. This software requires a 286 personal 
computer or a more advanced system to run, with at least 3 megabytes of 
extended Random Access Memory (RAM). This version of The Design Center 
also requires Microsoft Windows 3.x to run. The Design Center consists of 
three programs: a) Schematics; b) PSpice; and c) Probe. 
Schematics The Schematics program used in this study operates 
under Microsoft Windows Version 3.0 or higher (see Figure 1). The Schematics 
is defined as "the graphical circuit editor and manager for PSpice simulation 
and Probe analysis on Microsoft Windows and OpenWindows platform" (The 
Design Center: Circuit Analysis-User's Guide, 1992, p. 3). This program allows 
the user to draw the circuit using various parts in various libraries. After 
completion of the circuit, the ERC (Electrical Rule Check) ensures there is no 
pin floating in the circuit. The next step is to set up the program to run the 
specific analysi^analyses desired. This program generates two files; one with 
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extension of "sch" which contains the circuit information for future retrieval. 
The other file contains a "net" (net-list file) extension which accommodates the 
circuit information and the analysis desired in a text file. All files saved in the 
older version would be retrievable in the later version of this software. 
m 
File EdH Draw Navigate Zoom Configure ^alysis 
MarkVoStage/Levei 
Mark Voltage Differential 
5v 
9 
— 
•Mark Current into Pin 
in  
Clear All 
Show All 
Show Selected 
Schematics. *labl4se.sch p.1 (stale] Part" 
Markers 
Figure 1. The design center's schematics capture program 
45 
PSpice The PSpice retrieves the information saved in net-list file and 
calculates the circuit analysis (D.C., A.C. or Transit) requested by the user 
(Figure 2). PSpice first checks the circuit and if there are no errors, it 
continues to perform the analysis. After completion of circuit analysis PSpice 
generates two files; one with the extension of "out" which contains the output 
information in the form of text. The other file contains a "dat" extension which 
accommodates graphical information desired to run the Probe. 
Probe Probe is the graphical interface for Pspice. This program 
displays the analysis requested by the user in the form of graphs (Figure 3). 
Probe can display all the voltages and currents in the circuit which was 
calculated by PSpice earlier. Probe can be compared with the Digital Storage 
Oscilloscope which displays the desired voltages (Y axis) versus time (X axis). 
It can also be compared with the Spectrum analyzer which displays the desired 
voltages (Y axis) versus frequency (Y axis). In addition, the Probe can be used 
as a DC volVamp meter. 
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File Font Colors Display Help 
—B 
'OK 
PSpice 
; PSpicè lnîcrhiaîiofl- v ; 
PSpice Electrical Circuit Simulator 
Evaluation PSpice (July 1992) 
PSPICE Electrical circuit Simulator 
EVÂLUATIOîS VERSIOS 5.2 (July 1992) 
Copying of this program is 
welcomed and encouraged 
For the production version contacts 
MicroSim Corporation 
20 Fairbanks 
Irvine, CA 92718 0SA 
(714) 770 3022 
Simulating circuit: 
In file Writing results to 
Reading and checking circuit 
Circuit has errors .,. run aborted 
See output file for details 
Figure 2. PSpice electrical circuit simulator 
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Probe -Jab14se.d3t 
Hie Analysis Trace /Ws Cursor Zoom Label Display 
Figure 3. Probe program 
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Variables 
The following dependent and independent variables were examined and 
studied. 
Independent variables 
1. Laboratory instructions using the actual components (traditional 
laboratory instruction). 
2. Laboratory instructions using computer simulation in conjunction with 
using the actual components as a complement to reinforce learning. 
Dependent variables 
1. Take-home posttest 1-12. 
2. In class posttest 1-12. 
3. The mid-term posttest. 
4 The final posttest. 
Statistical Treatment 
The analysis of variance (ANOVA) was used to determine the results. 
1. A "2 X 12" ANOVA was used to compare the results of the take-home 
posttest (homework) 1-12. 
2. A "2 X 12" ANOVA was used to compare the results of the in-class 
posttest (quiz) 1-12. 
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3. A "2 X 2" ANOVA was used to compare the results of the middle and final 
posttest. 
4. Descriptive statistics of attendance of both groups in laboratory activity 
were reported. 
5. The effects of attendance and pretest have been controlled by using an 
analysis of covariance (ANCOVA). 
All student scores were recorded on the computer using LOTUS spread­
sheet software. The SYSTAT and SFSSX software were used to analyze the 
data for this study. 
Hypotheses of the Study 
In this study the following hypotheses were tested: 
Hypothesis I: There will be no significant difference between the mean scores 
of PREexp (experimental averages) and PREc t^^  (control averages). 
Ho: (Xepre ~ McpEE 
Ha: He PRE ^ Pc PRE 
Hypothesis 11: There will be no significant difference between the mean scores® 
of Heqi—tiEQi2 (experimental averages) and Q12 (control averages). 
Ho: P-E Ql-"f^E Ql2 ~ Ql2 
Ha: }Xe qi-"M^e Qi2 ^ Pc Qi-'Pc Q12 
® The mean scores represented are from the posttest given after each topic. 
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Hypothesis III: There will be no significant difference between the mean scores 
of Hehi—Mehi2 (experimental averages) and ^chi—Mchi2 (control averages). The 
mean scores represented are from the posttest which was given at the 
beginning of each topic and collected before the new topic had begun. 
Ho: J^EHi2 ~ Pcm "K3H12 
Ha: M-EH1—M-EH12 ^ Mem—McH12 
Hypothesis TV: There is no significant difference between the mean scores of 
HE MID, (experimental averages) and Hc mid» (control averages). 
Ho: He MID ~ J^cMiD 
Ha: He MID ^ Pc Mio 
Hypothesis V: There is no significant difference between the mean scores of 
He fin» (experimental averages) and hc fin» (control averages). 
Ho: He FIN ~ PcFiN 
Ha: He  FIN Mc f in  
Hypothesis VI: There is no significant difference between the mean scores of 
He dif» (experimental averages) and Hc dif» (control averages). 
Ho: He dif ~ t^cDiF 
Ha: He DIF J^dif 
Hypothesis VU: There is no significant difference between the students' 
attendances of the experimental and the control group. 
Ho: He ATT. ~ ATT. 
Ha: He att. act. 
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CHAFFER ÎV. RESULTS 
In this chapter, the results and finding are presented. The following 
sections are covered to ensure the accuracy of data analysis: a) Power 
Analysis; b) Descriptive Statistics; and c) Inferential Statistics. Power analysis 
describes whether or not the study had an adequate sample size. Descriptive 
statistics describe the general statistical measures such as mean, median, 
mode, etc. Inferential statistics provide the answers to research questions and 
hypotheses discussed in Chapter I and Chapter III. 
Power Analysis 
Power analysis in statistics helps to determine the sample size required 
for the experimental research. Howell (1987) indicated that: 
Speaking ia terms of Type II error it is a rather negative way of 
approaching the problem, since it keeps reminding us that we might 
make a mistake. The more positive approach would be to speak in terms 
of power which is defined as the probability of correctly rejecting a false 
Hq. Thus power = 1 - p. A more powerful experiment is one that has a 
better chance of rejecting a false Hq than does a less powerful 
experiment, (p. 194) 
Usually the major concern about finding an error is when the researcher 
fails to reject the null hypothesis, however, retaining the null hypothesis when 
it should have been rejected, can also be as vital to the researcher. Both Type 
I and Type II error were into consideration in this study. 
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Howell (1987) suggested the following formula to determine the effect 
size (y): 
y = effect-size 
y=J^ 
fi = population mean a 
G = standard deviation (population) 
The o of pervious quizzes was 2.9425 and pg = 14.9964. If a researcher 
expects an approximate gain of 15% which would result in to be 17.2459, 
therefore, the effect size would be: 
y= 0 . 7 6 4 4 = ^ 7 . 2 4 5 9 - 1 4 . 9 9 6 5  
'  2 . 9 4 2 5  
Howell (1987) also suggested the following formula to determine the 
power for a two-tailed test: 
y = effect-size 
N = sample size Ô 
5 = ('y)(/(N)) 
The above equation results in ô to be 3.2430. Using Howell's (1987) 
method, when ô = 3.2430, therefore the power would be .89 at a = .05 which is 
above .80 and high enough for this study. 
0 = 3  . 2 4 3 0 = 0  . 7  6 4 4 ^ ^  
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Descriptive Statistics 
In this section with the help of figures and tables the descriptive 
statistics is discussed. In Table 1 and Figures 4 and 5 the descriptive statistics 
resulting from the pretests are shown. Tables 2-8 and Figures 6-19 indicate 
the descriptive statistics for quizzes, homework, attendance, midterm and final. 
Table 1. Pretest descriptive statistics 
Groups Control Experimental 
Number of Cases 38 38 
Miminiim 67.000 64.000 
Maximum 87.000 87.000 
Range 20.000 23.000 
Mean. 79.255 78.395 
Variance 20.388 35.651 
Standard Deviation 4.515 5.971 
Standard Error 0.732 0.969 
Sum 3011.700 2979.000 
Critical Value 0.057 0.076 
Median 80.880 80.500 
025 -
020 -
0.10 -
005 -
Figure 4. Control group pretest 
histogram 
025 -
m 020 -
0.15 -
0.10 -
0.05 -
76 82 88 
Figure 5. Experimental group 
pretest histogram 
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Table 2. Quiz 1-4 descriptive statistics 
Quiz 1 Quiz 1 Quiz 2 Quiz 2 Quiz 3 Quiz 3 Quiz4 Quiz 4 
Groups Cnt. Ezp. Cnt. Ezp. Cnt. Exp. Cnt. Exp. 
Number of Cases 38 38 38 38 38 38 38 38 
MinimTim 13.000 9.000 15.000 13.000 14.000 9.000 9.000 8.000 
Maximum 20.000 20.000 20.000 20.000 20.000 20.000 19.000 20.000 
Range 7.000 11.000 5.000 7.000 6.000 11.000 10.000 12.000 
Mean 17.737 16.684 17.686 17.401 19.026 18.263 15.243 13.889 
Variance 2.848 7.952 2.280 2.512 1.756 5.605 6.671 5.988 
Standard Dev. 1.688 2.820 1.510 1.585 1.325 2.367 2.583 2.447 
Standard Error 0.274 0.457 0.245 0.257 0.215 0.384 0.419 0.397 
Skewness (Gl) -0.742 -1.007 -0.252 -0.600 -1.885 -2.016 -0.425 0.467 
Kurtosis (G2) 0.118 0.337 -1.143 0.397 3.999 4.560 -0.536 1.091 
Sum 674.00 634.00 679.00 661.24 723.00 694.00 579.00 527.78 
Critical Value 0.95 0.169 0.084 0.091 0.070 0.130 0.169 0.176 
Median 18.000 17.000 18.000 17.620 19.000 19.000 16.000 13.945 
PRETEST 
^n-rfl r 1% 
ATTEN 
r-r-, rTI rfl QUIZd) 
_ nHl ll 
• 
0UI2(2) 
n H f l  n  n QUIZ(3) 
-[ 7 ^ 
0UIZ(4) 
PRETEST 
rnT In 
ATTEN 
„ ^-n-rfuil QUIZCI 
™ n-TLr QU 
1—I—I ÎI r 
ZC2 
k 
• • * jT»' * 
QUIZ(3) 
„ nrTT QU 
m Jl-
ZC4 
1 r. 
Figure 6. Quiz 1-4 control group 
density graph 
Figure 7. Quiz 1-4 experimental 
group density graph 
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Table 3. Quiz 5-8 descriptive statistics 
Quiz 5 Quiz 5 Quiz 6 Quiz 6 Quiz 7 Quiz 7 Quiz 8 Quiz 8 
Groups Ont. Exp. Cnt. Exp. Cnt. Exp. Cnt. Exp. 
Number of Cases 38 38 38 38 38 38 38 38 
Minimum 10.000 8.000 11.000 7.000 12.000 9.000 7.000 9.000 
Maximum 19.000 19.000 20.000 19.000 19.000 19.000 20.000 19.000 
Range 9.000 11.000 9.000 12.000 7.000 10.000 13.000 10.000 
Mean. 16.684 15.171 16.553 14.833 16.395 15.781 16.000 15.376 
Variance 4.006 5.107 3.930 6.135 3.056 7.229 7.351 4.689 
Standard Dev. 2.0001 2.260 1.982 2.477 1.748 2.689 2.711 2.165 
Standard Error 0.325 0.367 0.322 0.402 0.284 0.436 0.440 0.351 
Skewness (Gl) -1.341 -0.857 -0.733 -0.855 -0.468 -0.988 -1.187 -1.050 
Kurtosis (G2) 2.002 1.095 0.106 1.057 -0.502 0.288 1.713 1.170 
Sum 634.00 576.00 629.00 563.00 623.00 599.68 608.00 584.28 
Critical Value 0.120 0.149 0.120 0.167 0.107 0.170 0.169 0.141 
Median 17.000 15.170 17.000 15.000 17.000 16.000 17.000 15.380 
PRETEST ATTEN 
n_rfir 
QUIZt5) 
QUIZ(6) 
n n 
QUIZ(7) 
QUIZ(8) 
n-fl 
PRETEST ATTEN 
auiZ(S) 
QUIZ(6) 
QUIZC7) 
QUIZ(8) 
Figure 8. Quiz 5-8 control group Figure 9. Quiz 5-8 experimental 
density graph group density graph 
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Table 4. Quiz 9-12 descriptive statistics 
Quiz 9 Quiz 9 QuizlO QuizlO Quizll Quizll Quizl2 Quizl2 
Groups Cat. Ejcp. Cnt. Exp. Cnt. Exp. Cnt. Exp. 
Number of Cases 38 38 38 38 38 38 38 38 
MLnimum 10.000 8.000 11.000 7.000 12.000 9.000 7.000 9.000 
Maximum 19.000 19.000 20.000 19.000 19.000 19.000 20.000 19.000 
Range 9.000 11.000 9.000 12.000 7.000 10.000 13.000 10.000 
Mean 16.684 15.171 16.553 14.833 16.395 15.781 16.000 15.376 
Variance 4.006 5.107 3.930 6.135 3.056 7.229 7.351 4.689 
Standard Dev. 2.0001 2.260 1.982 2.477 1.748 2.689 2.711 2.165 
Standard Error 0.325 0.367 0.322 0.402 0.284 0.436 0.440 0.351 
Skewness (Gl) -1.341 -0.857 -0.733 -0.855 -0.468 -0.988 -1.187 -1.050 
Kurtosis (G2) 2.002 1.095 0.106 1.057 -0.502 0.288 1.713 1.170 
Sum 634.00 576.00 629.00 563.00 623.00 599.68 608.00 584.28 
Critical Value 0.120 0.149 0.120 0.167 0.107 0.170 0.169 0.141 
Median 17.000 15.170 17.000 15.000 17.000 16.000 17.000 15.380 
PRETEST 
_milr ll_ 
ATTEN 
QUEO) 
\rr 
ouizdo) 
m rfln 
rfl 
QUIZCID 
QUIZ(12) 
n n rffl 1 
PRETEST 
r-n-Ti rflT Tl 
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QUIZ(9> 
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rriTiTI 11 1 QUIZC12) 
Figure 10. Quiz 9-12 control group 
density graph 
Figure 11. Quiz 9-12 experimental 
group density graph 
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Table 5. Homework 1-4 descriptive statistics 
H W l  HW 1 H W 2  H W 2  H W 3  H W 3  H W 4  H W 4  
Groups Cnt. Exp. Cnt. Exp. Cnt. Exp. Cnt. Exp. 
Nxunber of Cases 38 38 38 38 38 38 38 38 
Mmimum 24.000 21.000 29.000 23.000 24.000 17.000 21.000 15.000 
Maxiimim 34.000 35.000 35.000 35.000 35.000 35.000 33.000 34.000 
Range 10.000 14.000 6.000 12.000 11.000 18.000 12.000 19.000 
Mean 30.297 29.678 32.784 31.297 32.243 30.000 26.921 24.583 
Variance 5.290 13.618 2.602 10.209 7.914 24.000 10.291 16.291 
Standard Dev. 2.300 3.690 1.613 3.195 2.813 4.937 3.208 1.036 
Standard Error 0.373 0.599 0.262 0.518 0.456 0.801 0.520 0.655 
Skewness (Gl) -0.762 -0.721 -0.464 -0.884 -1.234 -1.237 0.062 -0.001 
Kurtosis (G2) 0.029 -0.275 -0.452 -0.218 1.096 0.903 -0.765 0.140 
Sum 1151.3 1127.7 1245.7 1189.3 1225.2 1140.0 1023.0 934.16 
Critical Value 0.076 0.124 0.049 0.102 0.087 0.165 0.119 0.164 
Median 31.000 30.500 33.000 32.000 33.000 32.000 27.000 25.000 
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Figure 12. Homework 1-4 control 
group density graph 
Figure 13. Homework 1-4 experiment, 
group density graph 
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Table 6. Homework 5-8 descriptive statistics 
H W 5  H W 5  H W 6  H W 6  H W 7  H W 7  H W 8  H W 8  
Groups Cnt. E:^ . Cnt. E .^ Cnt. Eq». Cnt. Exp. 
Number of Cases 38 38 38 38 38 38 38 38 
Minimum 20.000 12.000 20.000 17.000 24.000 19.000 22.000 20.000 
Maximum 34.000 35.000 32.000 34.000 34.000 35.000 33.000 35.000 
Range 14.000 23.000 12.000 17.000 10.000 16.000 11.000 15.000 
Mean 28.541 27.222 28.000 27.250 30.000 30.118 28.763 28.829 
Variance 13.221 28.817 11.189 17.966 7.184 13.014 12.672 15.810 
Standard Dev. 3.363 5.368 3.345 4.239 2.680 3.608 3.560 3.976 
Standard Error 0.590 0.871 0.543 0.688 0.435 0.585 0.577 0.645 
Skewness (Gl) -0.146 -0.737 -0.992 -0.358 -0.604 -1.305 -0.327 -0784 
Kurtosis (G2) -0.612 0.312 -0.008 -0.780 -0.456 1.243 -1.221 -0.268 
Sum 1084.5 1034.4 1064.0 1035.5 1151.0 1144.4 1093.0 1095.4 
Critical Value 0.127 0.197 0.119 0.156 0.088 0.120 0.124 0.138 
Median 28.000 27.610 29.000 27.625 31.000 30.560 29.500 30.000 
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Figure 14. Homework 5-8 control 
group density graph 
Figure 15. Homework 5-8 experiment, 
group density graph 
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Table 7. Homework 9-12 descriptive statistics 
H W 9  H W 9  HWIO HWIO HWll HWll HW12 HW12 
Groups Cnt. Exp. Cnt. Exp. Cnt. Exp. Cnt. Exp. 
Number of Cases 38 38 38 38 38 38 38 38 
Mmimtun 17.000 18.000 22.000 12.000 20.000 22.000 18.000 14.000 
Maximum 35.000 35.000 32.000 35.000 35.000 35.000 34.000 35.000 
Range 18.000 17.000 10.000 23.000 15.000 13,000 16.000 21.000 
Mean 28.944 27.823 27.778 27.730 29.323 27.865 27.711 26.829 
Variance 11.511 20.728 6.438 23.603 11.931 14.171 16.752 21.378 
Standard Dev. 3.393 4.553 2.537 4.858 3.454 3.764 4.093 4.624 
Standard Error 0.550 0.739 0.412 0.788 0.560 0.611 0.664 0.750 
Skewness (Gl) -1.075 -0.646 -0.541 -1.470 -1.071 0.181 -0575 -0.592 
Kurtosis (G2) 2.414 -0.619 -0.451 2.592 1.490 -0.766 -0.542 0.247 
Sum 1099.8 1057.2 1055.5 1053.7 1114.2 1058.8 1053.0 1019.4 
Critical Value 0.117 0.164 0.091 0.175 0.118 0.135 0.148 0.172 
Median 29.000 28.410 28.000 29.000 29.660 28.000 28.500 27.000 
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Figure 16. Homework 9-12 control 
group density graph 
Figure 17. Homework 9-12 
experimental group 
density graph 
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Table 8. Attendance, midterm and final descriptive statistics 
Atten. Atten. Midterm Midterm Final Final 
Groups Cnt. Ezp. Cnt. Exp. Cnt. Exp. 
Number of Cases 38 38 38 38 38 38 
Minimum 11.000 6.000 77.143 54.286 63.000 37.000 
Maximum 15.000 15.000 94.286 95.714 92.000 94.000 
Range 4.000 9.000 17.143 41.429 29.000 57.000 
Mean 14.487 13.579 88.0.45 85.301 77.526 72.389 
Variance 0.871 4.196 21.889 81.512 58.851 165.150 
Standard Dev. 0.934 2.048 4.679 9.028 7.671 12.851 
Standard Error 0.151 0.332 0.759 1.465 1.244 2.085 
Skewness (Gl) -2.411 -1.857 -0.659 -1.835 -0.037 -0.859 
Kurtosis (G2) 5.626 3.382 -0.305 3.716 -0.932 0.616 
Sum 550.500 516.000 3345.714 3241.429 2946.000 2750.78 
Critical Value 0.064 0.151 0.053 0.106 0.099 0.178 
Median 15.000 14.500 88.571 87.143 79.000 73.000 
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Figure 18. Attendance, midterm, final Figure 19. Attendance, midterm, final 
and pretest control group and pretest experimental 
density graph group density graph 
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Figure 20 represents a three dimensional graph which illustrates the 
relationship between the attendance and midterm in the control group. Figure 
21 provides the same information for the experimental group. A Kernel 
smoothing (shows where the data is concentrated) has been used. 
Figure 20. Kernel density estimator of attendance 
and midterm (control group) 
r=f=> 
Figure 21. Kernel density estimator of attendance 
and midterm (experimental group) 
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Figure 22 provides a three dimensional graph which illustrates the 
relationship between the attendance and midterm in the control group. Figure 
23 provides the same information for the experimental group. A Kernel 
smoothing (shows where the data is concentrated) has been used. 
Figure 22. Kernel density estimator of attendance 
and final (control group) 
Figure 23. Kernel density estimator of attendance 
and final (experimental group) 
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Figure 24 provides a three dimensional graph which illustrates the 
relationship between the attendance and the average quiz score in the control 
group. Figure 25 provides the same information for the experimental group. A 
Kernel smoothing (shows where the data is concentrated) has been used. 
Figure 24. Kernel density estimator of attendance 
and quizzes (control group) 
•S.O 
Figure 25. Kernel density estimator of attendance 
and quizzes (experimental group) 
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Figure 26 provides a three dimensional graph which illustrates the 
relationship between the attendance and the average homework score in the 
control group. Figure 27 provides the same information for the experimental 
group. A Kernel smoothing (shows the data concentration) has been used. 
Figure 26. Kernel density estimator of attendance 
and homeworks (control group) 
Figure 27. Kernel density estimator of attendance 
and homeworks (experimental group) 
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Inferential Statistics 
This section is devoted to the tests of research hypotheses. Seven 
hypotheses were discussed in chapter III, these hypotheses are presented and 
relevant materials are discussed in considerable detail. 
Hypothesis I 
There will be no significant difference between the mean scores of 
PREexp. (experimental averages) and PREcn^. (control averages). 
Ho: Me PRE ~ 
Ha: Me PRE ^ Mo pre 
A t-test was used for the comparison between the scores of the pretest 
for the two groups. The results of the t-test are shown in Table9. 
The pretest mean for the control group was 79.25, while the mean for 
the experimental group was 78.39. The standard deviation for the control 
group was 4.515, whereas, the mean for the experimental group was 5.971. 
Table 9. The t-test between the pretest of control and 
experimental group 
Group N Mean SD T DF P 
Control 38 79.255 4.515 0.709 74 0.481 
Experimental 38 78.395 5.971 
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The result of the t-test for the comparison between the two group was 
0.709. This comparison resulted in the P value of 0.481. This value was 
greater than 0.05, therefore, there was no significant difference between the 
mean scores of PREp,^ (experimental averages) and PRE^^^ (control averages) 
and therefore, null hypothesis I was not rejected. Therefore, initially there was 
no significant difference between the control and the experimental groups. 
Hypothesis II 
There will be no significant difference between the mean scores of fig 
Qi—teQi2 (experimental averages) and ^icQi—^k:Qi2 (control averages). 
Ho: |1E qi-.-ME Ql2 ~ Mc Ql—P-C Q12 
H a :  H E  q i 2  ^  M c  Q I — Q I 2  
A repeated measures analysis of variance revealed a statistically 
significant main effect for the groups variable F(l,72)=l1.246, P=0.001, a=0.05. 
Univariate F test comparisons revealed statistical significance at the first, fifth, 
sixth, and eleventh levels of the quiz variable. The null hypothesis was not 
accepted. Table 10-13 contains the standard error (SE) and adjusted least 
squares means (adjusted for the covariate) of quiz 1-12. 
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Table 10. Adjusted mean, of quiz 1-6 (control group) 
Quiz 1 Quiz 2 Quiz 3 Quiz 4 Quiz 5 Quiz 6 
Adjusted. LS Mean 17.684 
Standard Error 0.321 
17.890 
0.246 
18.904 
0.272 
15.123 
0.339 
16.528 
0.334 
16.454 
0.358 
Table 11. Adjusted mean of quiz 1-6 (experimental group) 
Quiz 1 Quiz 2 Quiz 3 Quiz 4 Quiz 5 Quiz 6 
Adjusted. LS Mean 16.737 
Standard Error 0.321 
17.379 
0.246 
18.385 
0.272 
14.009 
0.399 
15.328 
0.334 
14.932 
0.358 
Table 12. Adjusted mean of quiz 7-12 (control group) 
Quiz 7 Quiz 8 Quiz 9 Quiz 10 Quiz 11 Quiz 12 
Adjusted. LS Mean 16.211 15.910 15.244 17.367 15.252 15.639 
Standard Error 0.355 0.366 0.486 0.403 0.414 0.425 
Table 13. Adjusted mean of quiz 7-12 (experimental group) 
Quiz 7 Quiz 8 Quiz 9 Quiz 10 Quiz 11 Quiz 12 
Adjusted. LS Mean 15.965 15.466 14.726 16.502 13.768 14.591 
Standard Error 0.355 0.366 0.486 0.403 0.414 0.425 
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Table 14 contains the summary of the multivariate repeated measures 
analysis of variance between groups. The effects of attendance and pretest 
have been controlled for by using an analysis of covariance. Table 15 shows 
the within subject interaction. In this table ail the probabilities are greater 
than a=0.05. Table 16 contains the univariate F tests for quizzes 1-12. As 
shown in Table 16, the P value at a=0.05 is significant for the first, fifth, sixth, 
and eleventh quiz. The mean in all four quizzes were in favor of the control 
group. 
Table 14. Between subjects multivariate analysis of variance for quiz 1-12 
Source SS DF MS F P 
Group 158.153 1 158.153 11.246 0.001-
Error 1012.599 72 14.063 
* Significant at a=0.05 
Table 15. Within subjects multivariate analysis of variance for quiz 1-12 
Source SS DF MS F P 
Quiz 53.008 11 4.819 1.1153 0.316 
Quiz'Group 34.204 11 3.109 0.744 0.696 
Quiz*Attendance 49.435 11 4.494 1.076 0.378 
Quiz*Pretest 58.525 11 5.320 1.273 0.253 
Error 3308.855 792 4.178 
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Table 16. Univariate F test for quiz 1-12 
Source SS DF MS F P 
Quiz 1 15.679 15.679 4.165 0.046* 
Error 271.010 72 3.764 
Quiz 2 • :::/4:569:!' ' / • 4.569 2.066 0.155 
Error 159.264 72 2.212 
- : /^ .|.'.:4^13 1 4.417 1.755 0,189 
Error 193.316 72 2.685 
Quiz 4 21.701 1 21.701 3.750 0.057 
Error 416.640 72 5.787 
Quiz 5 25.188 1 25.188 6.194 0.015 • 
Error 292.815 72 4.067 
40:523 1 40.523 8.668 0.004* 
Error 336.595 72 4.675 
Quiz 7 1.053 • : . :1: \  1.053 0.229 0.634 
Error 331.033 72 4.598 
Quiz 8 3-449 1: 3.449 0.706 0.403 
Error 351.564 72 4.883 
Quiz 9 4.687 1 4.687 0.545 0.463 
Error 619.172 72 8.600 
Qùiz 10 13.092 1 13.092 2.219 0.141 
Error 424.851 72 5.901 
38.516 1 38.516 6.156 0,015 = 
Error 450.447 72 6.256 
Qi^  12 19:187 1 19,187 2.910 0,092 
Error 474.708 72 6.593 
* Significant at a=0.05 
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Hypothesis III 
There will be no significant difference between the mean scores of pg 
hi—He hi2 (experimental averages) and Hc Hi—Mc H12 (control averages). 
Ha: Hehi—!^EHI2 ^ kk:Hi-"McHi2 
A repeated measures analysis of variance revealed no statistical 
significance for the homework variable, F(l,72)=1.648, P=0.203, a=0.05. The 
null hypothesis was not rejected. A statistically significant interaction effect 
was found, however, between the pretest covariate and the second, third, and 
fourth homework assignments (between-group analysis of variance). Tables 17-
20 contains the standard error (SE) and adjusted least squares means of 
homework assignments 1-12. 
Table 21 contains the summary of the multivariate repeated measures 
analysis of variance between groups. The effects of attendance and pretest 
have been limited by using an analysis of covariance. Since P=0.203>0.05=a 
for the group effect, the univariate analysis of variance is not needed. 
Table 17. Adjusted mean of homework (Control group) 
HW 1 HW2 HW3 HW4 HW5 HW6 
Adjusted. LS Mean 
Standard Error 
16.737 
0.321 
17.379 
0.246 
18.385 
0.272 
14.009 
0.399 
15.328 
0.334 
14.932 
0.358 
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Table 18. Adjusted mean of homework (experimental group) 
HWl HW2 HW3 HW4 HW5 HW6 
Adjusted. LS Mean 29.886 31.381 30.278 24.789 
Standard Error 0.452 0.392 0.594 0.578 
27.438 
0.724 
27.459 
0.579 
Table 19. Adjusted mean of homework (control group) 
HW 7 HW 8 HW 9 HW10 HW 11 HW12 
Adjusted. LS Mean 30.100 28.638 28.796 27.656 
Standard Error 0.493 0.607 0.661 0.626 
39.391 
0.575 
27.421 
0.712 
Table 20. Adjusted mean of homework (experimental group) 
HW7 HW8 HW9 HWlO HWll  HW12 
Adjusted. LS Mean 30.307 28.954 27.972 27.851 
Standard Error 0.493 0.607 0.661 0.626 
27.797 
0.575 
27.119 
0.712 
Table 22 shows the interaction within subjects. In this table all the 
probabilities are greater than a=0.05. It also should be noted that interactions 
among the students was possible due to the fact that some students worked in 
group(s). 
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Table 21. Between subjects multivariate analysis of variance for homework 
1-12 
Source SS DF MS F P 
Group 101.178 1 101.718 1.648 0.203 
Error 4443.549 72 61.716 
Table 22. Within, subjects multivariate analysis of variance for homework 1-12 
Source SS DF MS F P 
Quiz 103.848 11 9.441 1.147 0.321 
Quiz*Group 120.754 11 10.987 1.334 0.200 
Quiz* Attendance 87.208 11 7.928 0.964 0.467 
Quiz*Pretest 107.757 11 9.796 1.191 0.299 
Error 6515.994 792 8.227 
Hypothesis IV 
There is no significant difference between the mean scores of MID> 
(experimental averages) and Hc (control averages). 
Ho: }1EMID ~ f^ MID 
f^EMID ^^CMID 
A two-way repeated measures analysis of variance conducted for the 
midterm and the final examinations revealed no statistically significant results 
between the groups, F(l,72)=2.739, P=.l02, a=0.05. Table 23 contains the 
standard error (SE) and adjusted least squares means for the midterm and 
final variables. Table 24 contains the summary table of the multivariate 
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Table 23. Between subjects multivariate analysis of variance for midterm and 
final 
Source SS DF MS F P 
Group 206.000 1 206.000 2.739 0.102 
Error 5415.437 72 75.214 
Table 24. Adjusted mean of midterm and final 
Control Experimental 
Midterm Final Midterm Final 
Adjusted Mean 87.919 76.139 85.427 73.776 
Standard Error 0.927 1.484 0.927 1.484 
repeated measures analysis of variance between groups. The effects of 
attendance and pretest have been controlled by using an analysis of covariance. 
No statistical significant was found. 
Table 25 shows the interactions within subjects. It should be noted that 
interactions among the students were not possible since the midterm test was 
administered by the instructor, this was also true for the quizzes. The 
interaction between the midterm and final was possible since the two 
examinations had some items in common. 
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Table 25. Within subjects multivariate analysis of variance for midterm and 
final 
Source SS DF MS F P 
(Midterm & Final) 283.813 1 283.813 7.818 0.007* 
(Midterm & Final)'Group 0.147 1 0.147 0.004 0.949 
(Midterm & Finai)*Attendance 751.638 1 751.638 20.704 0.000* 
(Midterm & Final)*Pretest 4.456 1 4.456 0.123 0.727 
Error 2613.860 72 36.304 
* Significant at a=0.05 
Hypothesis V 
There is no significant difference between the mean scores of fig 
(experimental averages) and Hcfin» (control averages). 
Ho: He FIN ~ PcFiN 
Ha: PsFiN ^ He FIN 
A two-way repeated measures analysis of variance was conducted for the 
midterm and final examinations variables revealed no statistically significant 
results between the groups, F(l,72)=2.739, P=0.l02, a=0.05. Table 24 contains 
the summary table of the multivariate repeated measures analysis of variance 
between groups. The effect of attendance and the pretest have been controlled 
by using an analysis of covariance. No statistical significant difference was 
found. Table 25 shows the interaction within subjects. It should be noted that 
interactions among the students were not possible since the final test was 
administered by the instructor. The interaction between the midterm and final 
was possible since they had some item questions in common. 
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Hypothesis VI 
There is no significant difference between the mean scores of DIF» 
(experimental averages) and Hc dif' (control averages). 
Ho: pgDip ~ Pc DIP 
Ha: Pedif ^ {^dif 
A t-test for the comparison between the two groups regarding the 
number of difficult items in quizzes, midterm, and final examination (t, df, = 
-0.945) revealed no statistically significant differences (item difficulties at level 
of 65%0- The results of the t-test are shown in Table 26. 
Table 26. The t-test between the difficult items of control and 
experimental group 
Group N Mean SD T DF P 
Control 27 9.519 9.120 -0.945 52 0.349 
Experimental 27 11.852 9.029 
The pretest mean of the control group was 9.519, while the mean for the 
experimental group was 11.852. The standard deviation for the control group 
was 9.120, whereas, the mean for the experimental group was 9.029. This 
comparison resulted in the P value equal to 0.349 indicating that there is no 
^ A level of 100% occurs when all students answer a tesVquiz item correctly. 
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significant difference between the mean scores of DIF. (experimental averages) 
and jicDiF. (control averages). Therefore, the null hypothesis was not rejected. 
Hypothesis VII 
There is no significant difference between the students' attendances of 
the experimental and the control group. 
Ho: HE ATT. ~ Mc ATT. 
Ha: HE ATT.  ^ ATT. 
A t-test for the comparison between the two groups regarding student 
attendance revealed a statistically significant difference between the two 
groups. The results of the t-test are shown in Table 27. 
Table 27. The t-test between the attendance of control and 
experimental group 
Group N Mean SD T DF P 
Control 38 14.487 0.934 2.486 74 0.015» 
Experimental 38 13.579 2.048 
* Significant at a=0.05 
The pretest mean of the control group was 14.487, while the mean for 
the experimental group was 13.579. The standard deviation for the control 
group was 0.934, while the mean for the experimental group was 2.048. The 
results of the t-test for the comparison between the two groups was 2.486. 
This comparison resulted in the P value of 0.015 and this value was less than 
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0.05, therefore, the null hypothesis was rejected. Since the mean score of 
control group was greater, students in the control group were attending more 
frequently than the experimental group. 
Summary 
This chapter reviewed the inferential statistics which included testing 
the seven hypotheses stated in chapter III. Itis section reviews the results of 
hypothesis testing in a summary form. 
In null hypothesis I, the result the of t-test was not significant at a=0.05 
concluding that significant differences between the background of the two 
groups did not exist. 
In null hypothesis II, the results of a 2X12 repeated measures ANOVA 
was significant at a=0.05. The results of the univariate F test was significant 
for the first (Ohm's law and power), fifth (alternating current and voltages), 
sixth (capacitors), eleventh (frequency response of RLC circuits) quizzes. The 
adjusted mean was greater for the control group. 
In null hypothesis III, the results of a 2X12 repeated measures ANOVA 
(homework) was not significant at a=0.05, therefore, the univariate F test was 
not used. 
in null hypothesis IV, the results of a 2X2 repeated measures ANOVA 
(midterm) was not significant at a=0.05, therefore, the univariate F test was 
not used. 
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In null hypothesis IV, the results of a 2X2 repeated measures ANOVA 
(midterm) was not significant at a=0.05, therefore, the univariate F test was 
not used. 
In null hypothesis V, the results of a 2X2 repeated measures ANOVA 
(final) was not significant at a=0.05, therefore, the univariate F test was not 
used. 
In null hypothesis VI, the result of the t-test was not significant at 
a=0.05, therefore, the author concluded there were no significant differences 
among the difficult items as a result of the overall test items between the 
control group and the experimental group. The level of difficult items was set 
at 65% (A level of 100% occurs when all students answer an item correctly). 
In null hypothesis VII, the result of t-test was significant at a=0.05 
concluding that students in the control group were attending the laboratory 
more frequently than the experimental group. 
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CHAPTER V. SUMMARY, DISCUSSION, AND RECOMMENDATIONS 
This chapter will discuss the overview, need, justification and the 
author's interpretation about the outcomes of this study. At the end of this 
chapter recommendations are given for further research studies of the 
effectiveness of computer simulation. 
Summary 
This study was designed to compare the achievement of college students 
who learned electronics concepts by computer simulation versus those who 
learned by traditional laboratory instruction. This study took one academic 
year for its completion. During this nine-month period, two groups of college 
students enrolled in a basic electronics course (A.C. and D.C. currents) 
participated in this study. 
The first group (January - May, 1992) was the control group. The 
students in this group received traditional laboratory instruction which 
involved working with the actual components (passive devices). The second 
group (August - December, 1992) was the experimental group. In addition to 
traditional laboratory instruction which involved working with the actual 
components (passive devices), the students in this group received computer 
simulation instructions. Twelve topics were covered in both groups. The 
following measurements were made: 
1. three pretests; 
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2. twelve quizzes and twelve homework assignments; 
3. a midterm exam; 
4. a final exam; 
5. attendance of students who took part in the study; 
The subjects of this study were students enrolled in a lEDT 140 
beginning electronics course at the Department of Industrial Education and 
Technology, Iowa State University. 
The review of literature covered in Chapter II contains numerous studies 
in favor of applying computer simulation in schools. Based on these previous 
studies, the author hypothesized that the usage of computer simulation would 
enhance the learning process for college students majoring in industrial 
technology. Although there were some studies which did not find any 
significant difference in favor of computer simulation, these studies did not 
provide a solid answer as to whether or not computer simulation should be 
applied in basic electronics courses taught in technology schools. 
In summary, this research study was undertaken to determine whether 
computer simulation should be used as a compliment for enhancing learning in 
technology related areas. 
Findings 
After analyzing the data gathered from the pretest, quizzes, homework 
assignments, students' attendance, difficult items (quizzes, midterm and final) 
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midterm and final examination, the following results were found: 
1. No significant difference was found for the results of pretests between the 
control and the experimental groups. The results of the t-test did not 
reveal significant at value differences a=0.05; therefore, null hypothesis I 
was accepted. 
2. A significant difference was found at a=0.05 for the results of the ANOVA 
for the quizzes; therefore, null hypothesis II was rejected. Significant 
differences were found at the first (Ohm's law and power), fifth 
(alternating current and voltages), sixth (capacitors) and eleventh 
(frequency response of ELC circuits) quizzes. The results were in favor of 
the control group for the above four. 
3. No significant difference was found for the results of the ANOVA at 
a=0.05 for the homework assignments; therefore, null hypothesis III was 
accepted. An interaction among the students was also found. 
4. No significant difference was found at a=0.05 for the results of the 
ANOVA for the midterm examination; therefore, null hypothesis IV was 
not rejected. 
5. No significant difference was found at a=0.05 for the results of the 
ANOVA for the final examination; therefore, null hypothesis V was not 
rejected. 
6. No significant difference was found for the results of the diffi.cult items on 
the quizzes and tests between the control and experimental groups. The 
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result of the t-test was not significant at a=0.05; therefore, null hypothesis 
VI was accepted. The results of hypothesis VI differ from two earlier 
studies by Miller (1986) and Zmurko (1990) who concluded that 
simulation enhances the learning process in more complex topics. 
7. A significant difference was found for the result of the difficult items in 
the students' laboratory attendance between the control and the 
experimental groups. The results of a t-test were significant at a=0.05; 
therefore, null hypothesis VII was rejected. The results were in favor of 
the experimental group. 
Discussion 
The overall outcome of this study suggested that students who used 
computer simulation as a tool for enhancing achievement in lEDT 140 (basic 
electronics) performed similarly, and in some cases worse than students who 
had not receive computer simulation. 
Observa ti OTIS 
During this study some additional observations were made by the 
researcher: 
1. The participanting students in this study were more concerned about their 
grade than learning the materials. This observation was more evident for 
the experimental group. 
2. The majority of students in the experimental group were not familiar with 
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usage of Windows software. 
3. Some students in the experimental group were not familiar with any type 
of computer nor could they use floppy diskettes. 
4. The degree of frustration was significantly higher for the experimental 
group during the entire semester. 
5. Students in the control group tended to ask more questions about the quiz 
items after it was taken. 
6. Some students in the experimental group were more positive about the 
computer simulation software used in this study (PSpice) after moving to 
advanced electronics courses. 
7. The students in the control group turned in their in-class assignments 
more regularly than did the experimental group. 
8. The students in the control group spent more time using calculators 
whereas the students in the experimental group spent more time using 
the computer. This factor, perhaps, helped the students in the control 
group to perform better in some quizzes. They were more experienced 
and familiar with the use of calculators. 
T .TTnitfltinna 
Several limiting factors were involved in this study: 
1. This study was a quasi-experimental design and random sampling was 
not possible. Intact classes were asked to serve as one of the two groups. 
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2. Undergraduate students participating in this study were predominantly 
transfer students from the College of Engineering due to their insufficient 
progress in that college or because of a career change decision. 
3. Most of the undergraduate students participating in this study had a 
negative bias toward studying electronics as observed in student 
interactions with the instructor. 
4. The software used in this study (PSpice) is an industrially used software 
and does not contain adequate information for beginners. 
5. No reading materials were available for usage of the software other than 
the software manual which was too difficult for most students to 
interpret. 
6. The experimental group in this study was not allowed to use the software 
for quizzes, midterm and final. 
7. A majority of the participants in this study were students from the State 
of Iowa. 
Recommendations 
The approach outlined in this study should be replicated in other 
colleges and universities as well as in other technology related areas. The 
findings of this study, contrast with the results of some other studies. Eucker 
(1984), Dick (1985), Coyle (1985), and Thomas and Hooper (1991), indicated 
that using computer simulation would enhance the learning process. 
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This study should be replicated in. areas where more complex topics are 
taught since computer simulation tends to be more effective in complex topics 
(Miller, 1986; Zmurko, 1990). 
Hwang (1989) found that students who worked with a partner and 
received computer simulation scored similarly to those who received traditional 
instruction. The findings also indicated that students who received computer 
simulation asked fewer question about the laboratory instructions. 
After this study was concluded, the author had an, opportunity to work 
with the students in the experimental group in a higher level electronics course 
and observed that these students had enhanced their achievements by using 
computer simulation (in this case PSpice was also used). 
The following recommendations are beneficial to any further research 
about the effectiveness of computer simulation in schools. There is a need to 
conduct research studies using: 
1. tools of measurement other than the multiple-choice question approach, 
perhaps a hands-on type of test with limited time. 
2. a greater sample size and a larger number of participants. 
3. computer simulation software other than PSpice, perhaps an educational 
software. 
4. participants who have more diversity and computer literacy in their 
background. 
5. participants who have more freedom over their participation. Even 
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though the participation in this research was voluntary, the course was 
required for a majority of the students. 
6. a random sample. 
7. topics involving more complicated circuitry such as digital and 
microprocessor related areas. 
8. computers other than the IBM platform, such as Apple computers. 
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chapter 1: Introduction 
1. The uniû of recior.ancs is the ohm. 
a. true 
b. false 
2. 0.0047 amps can be expressed in metric units as 47 nA. 
a. true 
b. false 
3. An electronic device which stores electric charge is 
known as an inductor. 
a. true 
b. false 
4. The electrical symbol for inductance is 
a. C 
b. I 
c. V 
d. L 
5 .  A device that changes ac voltages is known as 
a. a transistor. 
b. a capacitor. 
c. a transformer. 
d. an inductor. 
6. A resistor 
a. stores a charge. 
b. opposes the flow of electrons. 
c. is a type of semiconductor. 
d. stores energy in a magnetic field. 
7. The value 1.2x10*^ can be expressed as 
a. 0.00012 
b. 1.2 m or milli 
c. 1.2 u or micro 
d. 1.2 M or Meg 
8. Your calculator has given you an answer to a problem of 
3.456 07 on the display. The correct metric value is 
a. 3.456 micro 
b. 3.456 Mega 
c. 34.56 mega 
d. 3.456 kilo 
9. The metric value 16 mA can be expressed as 
a. 16x10/ 
b. 16x10^ 
c. 16x10"; 
d. 16x10"^ 
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10. Determine the correct calculation. 
a. 5600 X (9.6x10"/) = 5.376 milli 
b. 4.7m/1.2u = 4207 
c. 89.4k X 1.2m = 97.28 
d. 5.6/17m = 32.9 
11. The correct expression for 8.54x10"^ is 
a. 854 pico 
b. 85.4' 
c. 85.4 micro 
d. 85.5 kilo 
12. Express 7.5x10' in milli, basic units, and micro. 
a. 7.5 milli 0.075 75000 micro 
b. 75 milli 0.075 7500 micro 
c. 75 milli 0.0075 750 micro 
d. 0.75 milli 0.00075 750 micro 
13. Express these two calculator displays in correct metric 
units. 5.6-07 2.2 05 
a. 56 micro 22 kilo 
b. 0.56 micro 0.022 Meg 
c. 0.56 micro 220 kilo 
d. 56 micro 220 kilo 
14. An electrical symbol for voltage is 
a. I 
b. V 
c. C 
d. R 
15. A typical semiconductor device is 
a. the transformer. 
b. the diode. 
c. the resistor. 
d. the capacitor. 
16, An electronic device that resists the flow of current 
in a circuit is known as 
a. a capacitor 
b. an inductor 
c. a resistor 
d. a transformer 
17. An electronic device that stores electric charge is 
a. a transformer 
b. a capacitor 
c. a resistor 
d. an inductor 
e. a semiconductor 
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18. A device that stores energy electromagnetically is 
a. a capacitor 
b. an inductor 
c. a transistor 
d. a diode 
19. You have just calculated an answer for a problem. Your 
calculator reads 3.5-06. The correct metric value is 
a. 35 mill! 
b. 35 micro 
c. 3.5 Meg 
d. 3.5 micro 
e. 3.5 Pico 
20. Express 5.6x10"^ in milli, basic units, and micro. 
a. 5.6 milli 0.056 56000 
b. 56 milli 0.056 56000 
c. 560 milli 5.6 OO 5600 
d. 5600 milli 56 560 
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1. The [.movement of free» electrons along a conductor is 
cclled current. 
a. true 
bi false 
2. Electrons attract each other. 
a. true 
b. false 
3. A resistor color coded with bands of yellow, violet, 
and orange has a value of 4.7 kn. 
a. true 
b. false 
4. A SPST switch is used to control one circuit. 
a. true 
b. false 
5. To measure the current through a resistor, you place the 
ammeter so the current must pass through the meter. 
a. true 
b. false 
6. The basic unit of resistance is the ohm. 
a. true 
b. false 
7. A resistor color coded with bands of brown, black, and orange 
has a value of 10000 n. 
a. true 
b. false 
8. A normally open push button switch could have current through 
it when not being pushed. 
a. true 
b. false 
9. Electrons have a positive charge. 
a. true 
b. false 
10. The opposition to the flow of current in a conductor is 
called resistance. 
a. true 
b. false 
11. A material that has many free electrons is known as 
a/an 
a. conductor. 
b. insulator. 
c. semiconductor. 
d. poor conductor. 
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12. Opposition to the flow of current is called 
a. voltage. 
b. current. 
c. capacitance. 
d. resistance. 
13. If you measure the current in a circuit and find it to 
be zero, it is probable that 
a. the circuit has a short. 
b. the power is turned off. . 
c. the resistance is very low. 
d. the circuit voltage is very high. 
14. A source, a path, and e load 
a. make up a basic circuit. 
b. can only be an open circuit. 
c. will allow current to flow if the switch is open. 
_ d. would bë an incomplete circuit. 
15. A definition of voltage is 
a. the opposition to the flow of current. 
b. the movement of free electrons. 
c. the force that exists between charged particles. 
d. the force that causes water to flow. 
16. A unit of charge which contains 6.25x10^® electrons is 
known as 
a. an ampere. 
b. a joule. 
c. a volt. 
d. a coulomb. 
17. A conductor is a material that has 
a. few free electrons. 
b. a positive charge. 
c. many free electrons. 
d. a structure similiar to semiconductors. 
18. A resistor has a value of 1.2 Î2 +/- 5%. It will be 
coded 
a. Brown, black, red, gold. 
b. Brown, black, silver, gold. 
c. Brown, black, gold, silver. 
d. Brown, red, gold, gold. 
19. In figure 2-1, identify the DPST switch. 
a. A 
b. B 
c. C 
d. D 
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20. f' Ts»=;.irtcr is color coded with yellow, vin] et, 
silver bands has a value and tolerance of 
a. 47 MÎÎ i 10% 
b. 47 kO ±5% 
c. 47 kn ± 10% 
d. 4.7 kn ± 10% 
oranro and 
21. A resistor is color coded with yellow, violet, orange, and 
gold bands has a value and tolerance of 
a. 47 MR * 10% 
b. 47 kn ±5% 
c. 47 kn ± 10% 
d. 4.7 kn * 10% 
22. A resistor is color coded with bands of orange, orange, 
orange, and silver. The value and upper and lower tolerance 
limits are 
a. 33 kn, 32670—33330 
b. 33 ktî,  31350—34650 
c. 33 kn, 29700—36300 
d. 33 kn, 26400—39600 
23. A resistor has a value of 100 kn 
a. black, brown, yellow, silver 
b. brown, green, black, gold 
c. brown, black, yellow, gold 
d. brown, black, yellow, silver 
± 10%. It will be coded 
24. See figure 2-2. The measured voltage is the same as 
25. 
26 .  
a. V 
b. V 
c. V 
d. V 
R5 
R6 
R7 
R8 
See figure 2-2. 
a. Ve 
The measured voltage Vpg is the same as 
b. V, 
c. V 
d. V 
R6 
R7 
R8 
R9 
See figure 2-2. 
will read 
a. Vo 
Voltmeter leads placed across points C and D 
b. V 
c. V 
d. V 
Rl 
R2 
R3 
R4 
27. See figure 2-2. 
a - Vc 
The measured voltage V^ is the same as 
b. V 
c. V 
R5 
R3 
R4 
'R6 
+ 
+ 
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23. An analog ohmeter should 
a. be connected across a circuit with the power on. 
b. be inserted into the circuit so the current flows through 
it. 
c. placed across the resistance after the resistance is 
opened. 
d. have the polarity carefully checked before its use. 
29. Most DMM's will measure , , and 
a. frequency, voltage, current 
b. voltage, current, capacitance 
c. voltage, frequency, resistance 
d. voltage, current, resistance 
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(a) (b) (c) (i!) 
Figure 2-1 
+ isv 
Figure 2-2 
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Student Name 
1. Georg Simon Ohm developed Ohm's law around 1820. 
a. true 
b. false 
2. Many careers exist for the electronic technician. 
a. true 
b. false 
3. The unit of current is the ampere. 
a. true 
b. false 
4. 15,000 V can be expressed in powers of ten as 15 x 10® V. 
a. true 
b. false 
5. 0.0015 A can be expressed in metric units as 1.5 mA. 
a. true 
b. falsa 
6. Some typical careers for electronic technicians are 
a. technical writers 
b. technical salespersons 
c. manufacturing technicians 
d. service shop technicians 
e. all of the above 
7. A circuit component that resists the flow of current in a circuit is known 
a. a capacitor 
b. an inductor 
c. a resistor 
d. a transformer 
8. A circuit component that stores electric charge is 
a. a transformer 
b. a capacitor 
c. a resistor 
d. an inductor 
e. a semiconductor 
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9. Some semiconductor devices are 
a. transformers, transistors, and integrated circuits. 
b. diodes, transistors, and resistors. 
c. integrated circuits, inductors, and capacitors. 
d. integrated circuits, capadtois, and diodes. 
e. diodes, transistors, and integrated circuits. 
10. The electrical symbol for capacitance is 
a. I 
b. V 
c. C 
d. Q 
e. £ 
11. The symbol A is an abbreviation for 
a. farad 
b. volt 
c. hertz 
d. henry 
e. ampere 
12. A device that stores energy electromagnetically is 
a. a capacitor 
b. an inductor 
c. a transistor 
d. a diode 
13. The symbol and unit for time is 
a. t, I 
b. C, f 
c. t, s 
d. Z, W 
14. The value 4.7 x 10  ^ £2 can be expressed as 
a. 0.00047 a 
b. 4.7 k£2 
- c. 4.7 £2 
d. 4.7 MÎ2 
15. You have just calculated an answer for a problem. Your calculator reads 3.5-06. The correct 
metric value is 
a. 35 milli* 
b. 35 micro-
c. 3.5 mega-
d. 3.5 micro-
e. 3.5 pico-
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16. You are tiying to enter 45,600 n into your calculator. A correct entry might be 
a. 4.56 03 
b. 4.56-03 
c. 456 01 
d. 4.56 04 
e. 45.6 05 
17. Your calculator gives you an answer on its display of 1.2 05. A correct metric value of 
resistance for this answer is 
a. 12 kn 
b. 0.12 MQ 
c. 12,000 £2 
d. 1200 Si 
18. The correct expression for 7.84 x 10"* F is 
a. 784 pF 
b. 0.0784 asF 
c. 7.84 mF 
d. 7840 jjF 
19. Express these calculator displays in coirect metric values: 4.7-06, 1.5 04, 9.5-03. 
a. 47 miUi- 15000 9.5 miUi-
b. 470 1500 0.095 micro-
e. 4.7 micro* 15 kilo- 9.5 milli-
d. 470 milli- 15 kilo- 9.5 milli-
20. Express 5.6 x 10"® in milli-, basic units, and micro-. 
a. 5.6 0.056 56000. 
b. 56 0.056 56000 
c. 560 5.6 5600 
d. 5600 56 560 
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Student Name 
1. The movement of &ee electrons along a conductor is called voltage. 
a. true 
b. false 
2. Electrons repel each other. 
a. true 
b. false 
3. A resistor color coded with bands of red, red, orange has a value of 2.2 kO. 
a. true 
b. false 
4. Generally, digital meters are not as accurate as analog meters. 
a. true 
b. false 
5. To measure the current through a resistor, you place the ammeter across the resistor. 
a. true 
b. false 
5. A conductor is a material that has 
a. few free electrons. 
b. a positive charge. 
c. many &ee electrons. 
d. a structure simikr to semiconductors. 
7. A material with few free electrons is known as 
a. a conductor. 
b. an insulator. 
c. a semiconductor. 
8. A resistor color coded with yellow, violet, red, and silver bands has a value and tolerance of 
a. 47 MQ +/- 10% 
b. 4.7 kQ +/- 5% 
c. 4700 a +/- 5% 
d. 0.0047 MQ +/• 10% 
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9. A resistor bas a value of 1J2 Q +A 5%. It will be coded 
a. brown, black, red, gold. 
b. brown, black, silver, gold. 
c. brown, black, gold, sUver. 
d. brows, red, gold, gold. 
10. A definition of resistance is 
a. the abiliQr to store a sharge. 
b. the opposition to the flow of current. 
c. the movement of free electrons. 
d. the potential difference across a source. 
I 
(2) (bl (CI 
FIGUBE 2-1 
11. In Figure 2-1, identify the DPST switch. 
a. A 
b. B 
c. C 
d. D 
e. E 
12. In Figure 2-1, identify the normally closed push button switch. 
a. Â 
b. B 
c. C 
d. D 
e. £ 
13. In Figure 2-1, identify the DPDT switch. 
a. A 
b. B 
c. C 
d. D 
e. E 
14. A complete basic electrical circuit consists of 
a. a source, a load, and a resistor. 
b. a batteiy, a resistor, and a capacitor. 
c. a source, a load, and a path. 
d. a batteiy, a path, and a switch. 
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15. In order to measure the current in a circuit, the ammeter 
a. must be placed across the load 
b. must be placed so the current must pass through the meter. 
c. must be placed across the source. 
d. should not be used. A voltmeter is the correct instrument. 
16. The most common type of diagram used in electronic work is 
a. a pictorial diagram. 
b. a wiring diagram. 
c. a schematic diagram. 
d. a three-view diagram. 
+ 15 V 
FIGUEE 2-2 
17. See Figure 2-2. If you place the red lead of a voltmeter on point F and the black lead on 
point G, you will read 
a. v« 
b. IRS 
c. VR, 
d. Vb5 
18. See Figure 2-2. To measure the current throu  ^Hj, the circuit must be opened and the 
meter placed at point 
a. A 
b. E 
c.. J 
d. H 
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19. See Figure 2-2. Voltmeter leads placed across points E and G will read 
a. . V. 
b. 
c. 
d. v„ 
20. See Figure 2-2. The mqasszad voltage V q^ is the same as 
a. Vg, 
b. v„ 
c. VRS 
d. v„ 
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Chapter 3: Ohm's Law and Power 
1. If the current is constant then voltage and resistance are 
directly proportional. 
a. true 
b. false 
2. A circuit has a supply voltage of 15 V. The resistance is 
4700 n. The current is 313 mA. 
a. true 
b. false 
3. A 1 kn resistor has 32 mA flowing through it. The resistor is 
dissipating 1.024 W. 
a. true 
b. false 
4. If the resistance in a circuit increases, then the current 
will decrease. 
a. true 
b. false 
5. A.47 kn resistor has 5 mA flowing through it. It is OK 
to use a resistor with a power rating of 1 W. 
a. true 
b. false 
6. A circuit has a supply voltage of 20 V and a resistance of 
3300 n. The current is 6.06 mA. 
a. true 
b. false 
7. A 2.5 kn resistor has 45 mA flowing through it.. The resistor 
is dissipating 112.5 W. 
a. true 
b. false 
8. If the resistance in a circuit decreases, then the current 
will also decrease. 
a. true 
b. false 
9. A 56 kn resistor has 10 mA flowing through it. It is OK to 
use a resistor with a power rating of 10 W. 
a. true 
b. false 
10. A circuit has a resistor of 12 kn with a current of 12 mA 
flowing through it. The circuit voltage is 1 V. 
a. true ' 
b. false 
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11. Voltage and current are 
a. directly proportional. 
b. inversley proportional. 
c. not related. 
d. quantities that add. 
12. If the voltage across a circuit increases, then 
a. the current decreases. 
b. the resistance increases. 
c. the resistance decreases. 
d. the current increases. 
13. 
14. 
15. 
16. 
See figure 3-1 
would equal 
50 mA 
5 mA 
Figure 3-1 
If V = 25 V, and R = 50 kn, the current 
a. 
b. 
c. 
d. 
.5 mA 
2 mA 
See figure 3-1. 
would equal 
a. 30.08 V 
b. 3.008 V 
c. 73.43 V 
d. 7.343 V 
See figure 3-1. 
would equal 
a. 0.166 fi 
b. 6 kn 
C. 864 ÎÎ 
d. 47 kn 
See figure 3-1. V = 12 V and R 
shorts, the current will be 
a. 1 mA 
b. 10 mA 
c. 0 mA 
d. extremely large 
If I = 64 mA, and R = 470 lî, the voltage 
If V = 72 V, and I = 12 mA, the resistance 
= 12 kn If the resistor 
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17. See figure 3-1. If the voltage were suddenly switched off, 
a. the current will be zero. 
b. the current will gradually decrease to zero. 
c. the current will first increase and then decrease 
to zero. 
d. there is no way to predict the current. 
18. See figure 3-1. If V = 100 V and I = 1 mA, then the power 
dissipated by the resistor is 
a. 10 W 
b. 1 W 
c. 100 mW 
d. 10 mW 
19. A circuit consists of a resistor color coded yellow, violet, 
orange, and gold. This resistor is placed across a source of 
15 V. What value of resistor and wattage rating could be 
used? 
a. 4.7 kn at 1/8 M 
b. 47 kn at 1/4 W 
c. 4700 n at 1/4 W 
d. 0.47 Mn at 1/4 W 
20. A 220 fl, 1/2 W resistor has burned and is open. 
your parts box and find the following resistors. 
resistor could you use to repair the circuit? 
a. 2200 R, 1/2 W 
b. 220 n, 1/4 W 
C. 220 n, 1/8 W 
d. 220 n, 1 W 
21. See figure 3-1. If the resistor opens, 
a. the power dissipated will decrease. 
b. the current will increase. 
c. the resistance will decrease. 
d. the voltage will increase. 
22. A 100 watt light bulb has a resistance measurement of 56 îî 
when out of the circuit. What is the resistance of the bulb 
when it is on and in a circuit with a supply of 120 V? 
a. 56 n 
b. 2.14 a 
c. 144 n 
d. 560 n 
23. A rating of 1/2 W for a resistor means that the resistor 
a. can safely dissipate 1/2 W of power. 
b. always dissipates 1/2 W. 
c. always provides 1/2 W of power. 
d. can only dissipate more that 1/2 W of power. 
You look in 
Which 
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24. Which is the correct formula for Ohm's Law? 
a. V = I/R 
b. R = VI 
c. I = V/R 
d. P = VI 
25. A resistor color coded yellow, violet, brown, and gold is 
connected to a 12 V source. If the resistor is within 
tolerance, what is the maximum current that will flow? 
a. 24.3 mA 
b. 25.5 mA 
c. 26.9 mA 
d. 255 mA 
26. Resistance and current are 
a. directly proportional. 
b. inversely proportional. 
c. not related. 
d. are similar to voltage. 
27. See figure 3-1. If I = 32 mA, and R = 469 R then V = 
a. 12 V 
b. 15 V 
c. 19 V 
d. 22 V 
28. Which of the following terms is not a resistor rating. 
a. resistor value in ohms 
b. resistor tolerance. 
c. current 
d. power rating 
29. See figure 3-1. V = 12 V and R is color coded brown, black, 
orange. You measure the current in the circuit. 
What limits of current might you expect to measure? 
a. 1.2 mA and 1.4 mA 
b. 1 mA and 1.6 mA 
c. 0.8 mA and 1.2 mA 
d. 1 ma and 1.5 ma 
30. See figure 3-1. If the resistor develops an open, 
a. the power dissipated will increase. 
b. the circuit current will decrease. 
c. the source voltage will decrease to zero. 
d. the resistance will decrease. 
31. A currentof 250 uA through a 4.7 kîi resistor produces a 
voltage drop of 
a. 53.2 V 
b. 1.175 mV 
c. 18.8 V 
d. 1.175 V 
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32. A resistance of 2.2 MJî is connected across a 1 kV source. 
The resulting current is approximately 
a. 2.2 mA 
b. 0.455 mA 
c. 45.5 uA 
d. 0.455 A 
33. A 2.2 kn resistor dissipates 0.5 W. The current is 
a. 15.1 mA 
b. 0.227 mA 
c. 1.1 mA 
d. 4.4 mA 
34- A 330 n resistor dissipates 2 W. The voltage is 
a. 2.57 V 
b. 660 V 
C. 6.6 V 
d. 25.7 V 
35. The power rating of a carbon-composition resistor that is 
handle up to 1.1 W should be 
a. 0.25 W 
b. 1 W 
c. 2 W 
d. 5 W 
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1: In a series circuit, the current is the same everywhere 
in the circuit-
a. true 
b. false 
2. Kirchoff's Voltage Law states that the product of the 
individual voltage drops equals the source voltage. 
a. true 
b. false 
3i The total power dissipated in a series circuit is the 
sum of the individual powers. 
a. true 
b. false 
4. Three resistors, 6.8 kn, 1.2 kn, and 5.6 kn are in 
series. The total resistance is 13.6 kn..  
a. true 
b. false 
5. A resistor is dissipating 1/4 W. This means that it 
can supply 1/4 U to the load. 
a. true 
b. false 
6. Three resistors, 4.7 kn, 2.2 kn, and 1.2 kn are in series. 
The total resistance is 8.7 kn. 
a. true 
b. false 
7. The total power dissipated in a series circuit is equal to 
the source voltage multiplied by the current. 
a. true 
b. false 
8. A resistor is rated at 1/2 W. This resistor can safely 
dissipate 0.325 W. 
a. true 
b. false 
9. The sum of the individual voltage drops in a series circuit 
equals the source voltage. This statement is Kirchhoff's 
Law. 
a. true 
b. false 
10. Two resistors are in series. One is a 1/4 W resistor and the 
other is a 1/2 W resistor. This circuit can safely dissipate 
1 3/4 W. 
a. true 
b. false 
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11. See figure 4-1. Rj = 10 kn, = 10 k£î and R3 = 15 kfi.  
What is the total resistance, Ry? 
a. 25 kn 
b. 35 kn 
c . 0 n 
d. infinite n 
12. See figure 4-1. Rj =10 kn, =16 V, Rg =10 kn, R3 =15 n.  
Calculate the current in the circuit. 
a. 3.2 mA 
b. 1.6 mA 
c. O 
d. 12 mA 
13. See figure 4-1.  R. = 10 kn, = 16 V, R, = 10 kn, Rg = 15 kn. 
Calculate the voltage drops across Rg and R3. 
a. Vmg = 16 V VjQ = 12 V 
b. VjM = 16 V Vpg = 24 V 
c. Vp2 = 16 V V«3 = 16 V 
d. Vr2 = 24 V Vr3 = 12 V 
14. See figure 4-1. R^ = 10 kn, = 16 V, Rg = 10 kn, Rg = 15 kn 
The power dissipated in R2 is 
a. 25.6 mW 
b. 2.56 mW 
c. .256 mW 
d. .0256 mW 
15. See figure 4-1. Rj = 10 kn, = 16 V, Rg = 10 kn, R3 = 15 kn 
The supply voltage Vg is 
A, 
a. 
Figure 4-1 
a. 16 V 
b. 24 V 
c. 56 V 
d. 112 V 
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16. See figure 4-1. Rj = 10 kn, = 16 V, Rg = 10 kn, R3 = 15 kn 
The total circuit resistance if R2 opens is 
a. 25 kn 
b. 10 kn 
c. o n 
d. infinite n 
17. See figure 4-1. If R, opens, the total power dissipated by 
the circuit will 
a. increase 
b. decrease 
c. remain the same 
d. will be dependent upon the source voltage. 
18. Two power supplies are in series with voltages of 16 V and 
-12 V, respectively. What is the total supply voltage? 
a. 28 V 
b. -4 V 
c. -28 V 
d. 4 V 
19. Two sources, 12 V and -19 V are connected so the total 
voltage is -7 V. These sources are said to be 
a. series aiding. 
b. series opposing. 
c. in parallel. 
d. dangerous to connect. 
20. Three 47 kn resistors are connected in series across a 100 V 
source. Find Pj. 
a. 70.9 mW 
b. 23.6 mW 
c. 22 W 
d. 709 mW 
21. Three resistors are connected in series across a 50 V source. 
The voltage drop across one of the resistors is 19.7 V and 
the drop across the another is 2.7 V. What is the drop 
across the third resistor? 
a. 30.3 V 
b. 47.3 V 
c. 22.4 V 
d. 27.6 V 
22. The polarity of voltages across a resistor is dependent on 
the current direction. The resistor end where current enters 
is said to be , and the other end is . 
a. positive, positive 
b. negative, negative 
c. negative, positive 
d. positive, negative 
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23. A series circuit with four resistors connected across a 50 V 
source, has a current of 100 nA flowing through it. The 
values for three of the resistors are 12 kn, 47 kn, and 
56 kn. What is the value of the fourth resistor? 
a. 38.5 kn 
b. 3.85 kn 
c. 385 kn 
d. 3.85 un 
•^24. Two resistors are in series. Rj = 12 kn and Rg = 5 kn. A 
source voltage of 20 V is applied. Vp. will be , 
and Vp2 will be . 
a. 5.88 V, 14.12 V 
b. 14.12 V. 5.88 V 
c. 10 V. 10 V 
d. 0 V, 20 V 
25. Four resistors are connected in series across a source of 
18 V. You measure the voltage across each resistor and find 
the voltage to be O V across three of them but 18 V across 
the last. What is the problem? 
a. Two of the resistors are shorted 
b. The three resistors are open. 
c. One resistor is open. 
d. No problem, this is normal. 
2 6 .  Two power supplies are in series with voltages of 12 V and 
17 V respectively. What is the total supply voltage? 
a. 5 V 
b. -5 V 
c. 29 V 
d. -29 V 
27. Two resistors are in series across a source of 20 volts. 
Each resistor has a value of 100 kh. What is the voltage 
across each resistor? 
a. 20 V 
b. 10 V 
c. 100 mA 
d. 100 kn 
28. A two-resistor voltage divider has R. = 22 kn and Rg = 12 kn 
is connected across 47 volts. What is the voltage across R2? 
a. about 16-6 V 
b. about 30.4 V 
c. about 25.6 V 
d. about 17.2 V 
161 
chapter 4: Series Circuit» 
29. A 500 ktî potentiometer is connected across 5 V. The voltage 
from the wiper to the lower end of the pot is 1.2 V. What is 
the resistance of the lower part of the potentiometer? 
a. 380 kn 
b. 120 kn 
c. 500 kn 
d. on 
30. Three batteries are in series with potentials of -1.2 V, 5 V, 
and 6 V. The total supply voltage is 
a. 12.2 V 
b. 9.8 V 
c. 1.2 V 
d. 1.3 V 
31. A series circuit consists of three resistors with values of 
lOO n, 220 n, and 330 n. The total resistance is 
a. less, than 100 n 
b. the average of the values 
c. 650 n 
d. 1650 n 
32. A 9 V battery is connected across a series combination of 
68 n, 33 n, 100 n, and 47 n resistors. The amount of current 
is 
a. 36.3 mA 
b. 27.56 A 
c. 22.32 mA 
d. 326.6 mA 
33. There are six resistors in a given series circuit and each 
resistor has 5 V dropped across it- The source voltage is 
a. 5 V 
b. 30 V 
c. dependent on the resistor values 
d. dependent on the current 
34. A series circuit consists of a 4.7 kn, a 5.6 kn, and a 10 kn 
resistor. The resistor that has the most voltage across it 
is 
a. the 4.7 kn 
b. the 5.6 kn 
c. the 10 kn 
d. impossible to determine from the given information 
35. The total power in a certain circuit is 10 W. Each of the 
five equal-value series resistors making up the circuit 
dissipates 
a. 10 W 
b. 50 W 
c. 5 W 
d. 2 W 
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1- Three equal resistors are connected in Parallel. The source 
voltage is 12 V. The voltage across each resistor is 4 V. 
a. true 
b. false 
2. The total resistance of four resistors in parallel is always 
less than the smallest resistor. 
a. true 
b. false 
3. A parallel branch has 0.065 mA flowing and the other branch 
has 0.098 mA flowing. The total current is 0.163 mA. 
a. true 
b. false 
4. If one branch of a parallel circuit opens, the total 
resistance will decrease. 
a. true 
b. false 
5. The total power dissipation of resistors in parallel can be 
found by adding the individual powers. 
a. true 
b. false 
, 6. Three equal resistors are connected in parallel. The source 
voltage is 18 V. The voltage across each resistor is 6 V. 
a. true 
b. false 
7. The total resistance of three resistors in parallel is the 
sum of the individual resistor values. 
a. true 
b. false 
8. A parallel branch has a current of 75 mA and another branch 
has a current of 12.7 mA. The total current is 85.7 mA. 
a. true 
b. false 
9. If one branch of a parallel circuit shorts, the total 
resistance will decrease. 
a. true 
b. false 
10. Two resistors are in parallel. One is dissipating 0.25 W and 
the other is dissipating 1.2 W. The total power dissipated 
is 1.25 W. 
a. true 
b. false 
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11. Three resistors are connected in parallel. The values are 
5.5 kn, 22 kn, and 500 n. What is Rj? 
a. 28.1 kn 
b. 27.6 kn 
c. 450 n 
d. 330 n 
12. Three resistors, 500 îî, 1200 îl, and 10 kO, are connected in 
parallel across 25 V. What is the current through the 1200 n 
resistor? 
a. 20.83 mA 
b. 50 mA 
c. 2.5 mA 
d. 2.4 mA 
13. Two resistors are in parallel, 2.2 kn and 3.3 kn. The total 
resistance of the circuit is 
a. 2.2 kn 
b. 3.3 kn 
c. greater than 2.2 kn 
d. less than 2.2 kn 
14. A parallel circuit consists of Rj = 0.22 Mn, Rg = 1 Mn, and 
R3. If Ry = O.1166 Mn, find R3. 
a. 1.34 Mn 
b. 0.33 Mn 
c. 0.134 Mn 
d. 13,400 n 
15. Three resistors are connected in parallel across 18 V. The 
values are 1 Mn, 0.470 Mn, and 0.5 Mn. If the 1 Mn resistor 
opens, the total current will be 
a. 74.3 uA. 
b. 74.3 mA. 
c. 92.3 uA. 
d. 92.3 mA. 
16. Twelve 1.5 Mn resistors are connected in parallel across 
50 V. What is Rj? 
a. 1.5 Mn 
b. 1.25 Mn 
c. 1 Mn 
d. 0.125 Mn 
17. A parallel circuit with three resistors in parallel has a 
total current of 0.1 mA. If I. = 0.022 mA and Ig = 0.007 mA, 
what is the current through the third resistor, I3? 
a. 0.029 mA 
b. 0.071 mA 
c. 0.142 mA 
d. 0.213 mA 
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18. Four resistors are connected in parallel. If one resistor 
opens, the total resistance will and the total current will 
a. decrease, increase 
b. increase, increase 
c. decrease, decrease 
d. increase, decrease 
19. Three 22 kîJ resistors are connected in parallel across a 10 V 
source. Py equals 
a. 4.5 mW. 
b. 13.6 mW. 
c. 18.1 tnU. 
d. 22.6 mW. 
20. If a resistor in parallel shorts, the total current will 
a. equal 0. 
b. increase. 
c. decrease. 
d. decrease, then increase to O. 
21. Four 100 W lamps are connected in parallel across 120 V. What 
is the total current to the circuit? 
a. 3.33 A 
b. 833 mA 
c. 33.3 A 
d. 8.33 A 
22. You have a circuit with four resistors in parallel. You 
measure the total current and find that it is lower than 
normal. Which statement best describes a possible trouble? 
a. One of the resistors shorted. 
b. The power supply is off. 
c. All of the resistors opened. 
d. One resistor opened. 
23. A correct formula concerning a parallel circuit with two 
branches is 
a. Rj ~ R« + ^2 b. VV = + Vg 
c. I, = I, + I, 
d. R? = V/Ig 
24. The current through any branch of a parallel circuit is 
a. dependent on the power rating of the resistor. 
b. only dependent on the circuit voltage. 
c. directly proportional to the branch resistance. 
d. inversely proportional to the branch resistance. 
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25; If you want to measure a voltage across a load with a DVM, 
the meter is connected 
a. in series with the load. 
b. across the source. 
c. in parallel with the load. 
d. in series with the source. 
26. A parallel circuit consisting of Rj = 100 n, R2 = 500 SI and 
R, has an R, = 76.92 îî. Find the value of R3.  
a. 140 n 
b. 1000 R 
c. 1850 n 
d. Cannot compute ; not enough data. 
27. A parallel circuit consists of R1 = 1200 0 in parallel with 
R2. If = 0.005 mA, Ig = 0.003 mA. What is the value of Vjjj? 
a. 6 mV 
b. 18 mV 
c - 3.6 mV 
d. 2.4 mV 
28. As resistors are added in parallel to a circuit, 
a. ly decreases and Ry increases. 
b. IJ decreases and Rf decreases. 
c. I y increases and R-y decreases. 
d. ly increases and Rj increases. 
29. A circuit consists of three resistors in parallel, 
R< = 4.7 kn, Rg = 3.3 kJÎ, and R3 = 5.43 kJÎ. It = 35 mA and 
Vg = 50 V. Find 1^3. 
a. 10.64 mA 
b. 15.15 mA 
c. 9.21 mA 
d. 4.72 mA 
30. Two resistors are in parallel. R^ = 470 n and Ry ^5 330 n. Find 
the value of R,. 
a. 770 0 
b. 1108 a 
c. 194 n 
d. 110 a 
31. A 330 n resistor, a 270 lî resistor and a 68 n resistor are 
all in parallel. The total resistance is approximately 
a. 668 n 
b. 47 n 
c. 68 n 
d. 22 n 
166 
Chapter 5: Parallel Circuits 
32. The currents into a junction flow along two paths. One 
current is 5 A and the other is 3 A. The total current out 
of the junction is 
a. 2 A 
b. unknown 
c. 8 A 
d. the larger of the two 
33. In a four-branch parallel circuit, there is 10 mA of current 
in each branch. If one of the branches opens, the current in 
each of the other three branches is 
a. 13.33 mA 
b. 10 mA 
c. 0 A 
d. 30 mA 
34. If there is a total of 100 mA into a parallel circuit 
consisting of three branches and two of the branch currents 
are 40 mA and 20 mA, the third branch current is 
a. 60 mA 
b. 20 mA 
c. 160 mA 
d. 40 mA 
35. The power dissipation in each of four parallel branches is 
1 W. The total power dissipation is 
a. 1 W 
b. 4 W 
c. 0.25 W 
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1. See figure 6-1. Rg is in parallel with Rg. 
a. true 
b. false 
2. See figure 6-1. Rj is in series with R3. 
a. true 
b. false 
3. See figure 6-1. Rj is in series with the parallel 
combination R, and R-». 
a. true 
b. false 
4. Resistors are in parallel if they share the same voltage. 
a. true 
b. false 
5. A combination circuit consists of resistors in both series 
and parallel. 
a. true 
b. false 
6. See figure 6-1. R^ is in series with the series combination 
R2 and R3. 
a. true 
b. false 
7. No problems could occur if a voltage source of 10 V were tc 
be connected in parallel with a 20 V source. 
a - true 
b. false 
8. A loaded voltage divider is a combination circuit. 
a. true 
b. false 
9. Two or more resistors connected in series form a circuit 
known as a voltage divider. 
a. true 
b. false 
10. Resistors are in parallel if they share the same current. 
a. true 
b. false 
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Figure 6-1 
11. See figure 6-1. Resistor Rg is connected 
a. in series with Rj. 
bo in series with Rg. 
c. in parallel with Rj. 
d. in parallel with R^. 
«4 A, 
—WV W» J 
1 
Figure 6-2 
12. See figure 6-2. R2 and Rr are connected 
a. in series with each other and R3.  
b. in series with each other and Rj and R^. 
c. in series. 
d. in parallel with R3. 
13. See figure 6-2. If all of the resistors are 4.7 kn, find R,. 
a. 12-53 kn 
b. 18.8 kn 
c. 9.4 kn 
d. 4.7 kn 
14. See figure 6-2. Rj, Rg, and Rg each equal 10 kn. R^ and Rc 
each equal SO kn. Find R,. 
a. 8.57 kn 
b. 130 kn 
c. 68.57 kn 
d. 85.7 kn 
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15. See figure 6-2. If all the resistors are 4.7 kn, and 
source voltage is 20 V, find 
a. 12.53 mA 
b. 0.53 mA 
c. 11.99 mA 
d. 1.06 mA 
16.' See figure 6-1. If R3 opens, will 
a. increase 
b. decrease 
c. remain the same 
d. decrease to zero. 
17. See figure 6-2. If opens, Vg2 will 
a. increase 
b. decrease 
c. remain the same 
d. cause the fuse to blow 
18. See figure 6-2. If Rg shorts, Vp2 will 
a. increase 
b. decrease 
c. remain the same 
d. decrease to zero 
19. See figure 6-3. The resistance between points B and E 
a. 10 kn 
b. 20 kn 
c. 30 kfl 
d. 40 kn 
20. See figure 6-3. If = 10 V, find V^. 
All resistors = 10 kO 
Figure 6-3 
a. 10 V 
b. 20 V 
c. 30 V 
d. 40 V 
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21. See figure 6-3. If Vg = 22 V, find Vgg. 
a. 5.5 V 
b. 22 V 
c. 16.5 V 
d. -11.5 V 
22. See figure 6-3. If Vc * 12 V and Rg shorts, find Vgg. 
a. -3 V 
b. -8 V 
c. 6 V 
d. 8 V 
23. See figure 6-3. If another 10 kn resistor were placed 
in parallel with R^. will 
a. increase 
b. decrease 
c. remain the same 
d. change to 4 volts 
24. See figure 6-1. Vç = 20 V, R, = 10 kî2, R2 = 50 kn, and 
Rg = 15 kn. Find P2. 
a. 2.29 mW 
b. 7.64 mW 
c. 8.63 mU 
d. 18.6 mW 
• 25. See figure 6-2. If R3 shorts, Vpg will 
a. increase 
b. decrease 
c. remain the same 
d. equal 
26. See figure 6-1. Resistor Rj^ is connected 
a. in series with R2. 
b. in series with R3. 
c. in parallel with R2. 
d. in parallel with R3. 
e. none of these 
27. See figure 6-2. R2 and Rc are connected 
a. in series with each other and in parallel with R^. 
b. in parallel. 
c. in series with Rj^. 
d. in series with R3. 
28. See figure 6-1. If Rj = 4.7 kn, R, = 3300 n and R3 = 1000 
the total resistance of the circuit is 
a. 5700 n 
b. 5467 n 
c. 4125 n 
d. 660 n 
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29. See figure 6-1. If = 4.7 kn, R, = 3300 n, Rg = 1000 Q, 
and the source voltage is 50 V, calculate the total current. 
a. 8.8 RiA 
b. 9.15 mA 
c. 12.1 mA 
d. 75.7 mA 
30. If a combination of four parallel 10 kn resistors were in 
series with a single 20 kn resistor, and one of the parallel 
combination resistors opened, the voltage across the other 
parallel resistors would 
a. increase. 
b. decrease. 
c. remain the same. 
31. Two 1 kn resistors are in series and this series combination 
is in parallel with a 2.2 kn resistor. The voltage across 
one of the 1 kn resistors is 6 V. The voltage across the 
2.2 kn resistor is 
a. 6 V 
b. 3 V 
c. 12 V 
d. 13.2 V 
32. The parallel combination of a 330 n resistor and a 470 n 
resistor is in series with the parallel combination of four 
1 kn resistors. A 100 V source is connected across the 
circuit. The resistor with the most current has a value of 
a. 1 kn 
b. 330 n 
c. 470 n 
33. The parallel combination of a 330 n resistor and a 470 n 
resistor is in series with the parallel combination of four 
1 kn resistors. A 100 V source is connected across the 
circuit. The resistor with the most voltage across it has a 
value of 
a. 1 kn 
b. 330 n 
c. 470 n 
34. A certain voltage divider consists of two 10 kn resistors in 
series. Which of the following load resistors will have the 
most effect on the output voltage? 
a. 1 Mn 
b. 20 kn 
c. 100 kn 
d. 10 kn 
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35. In a certain two-source circuit, one source acting alone 
produces 10 mA through a given branch. The other source 
acting alone produces 8 mA in the opposite direction through 
the same branch. The total current through the branch is 
a. 10 mA 
b. 8 mA 
c. 18 mA 
d. 2 mA 
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1. The frequency of a sine wave is the reciprocal of the period. 
a. true 
b. false 
2. The higher the frequency of a sine wave, the shorter the 
period. 
a. true 
b. false "• 
3. The peak value of a sine wave is smaller than the rms value. 
a. true 
b. false 
4. If an ac voltage is applied to a resistor, the current is 
inversely proportional to the voltage. 
a. true 
b. false 
5- Sine, square, dc, and triangle waves are all forms of ac. 
a. true 
b. false 
6. The peak value of a sine wave is smaller in value than the 
rms value. 
a. true 
b. false 
7. The following is a correct formula. V = 1.414 x 
a. true 
b. false 
8. The term rms means root mean square. 
a. true 
b. false 
9. If an ac voltage is applied to a resistor the current will 
increase. 
a. true 
b. false 
10. Commercial line voltages are usually square waves at a 
frequency of 60 Hz. 
a. true 
b. false 
11. A formula for V___ is 
a. 0.707 V,„ " 
b. 0.707 V 
c. 2 V 
d. 2.8^%» 
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1 2 .  The rms value of a sine wave means 
a. the same as Ip_pR 
b. the root mean square value. 
c. the heating effect of an ac generator of the same 
voltage. 
d. the same as Ip^ 
13. A sine wave has a peak value of 230 V. What is the 
instantaneous value at an angle of 42°? 
a. 76.09 V 
b. 115 V 
c. 149 V 
d. 153.9 V 
/ E  
Figure 8-1 
14. See figure 8-1. The value at point K is 
a. the period. 
b. the rms voltage. 
c. the p-p voltage. 
d. Vp. 
15. See figure 8-1. The time from points G to J 
a. the frequency. 
b. Vp. 
c. the period. 
d. the rms voltage. 
is called 
16. See figure 8-1, 
a. A to F. 
b. K to J. 
c. B to D. 
d. G to H. 
Vp_p would be measured from points 
175 
chapter 8: Introduction to Alternating Current and Voltage 
20 V 
Figure 8-2 
17. See figure 8-2. Find Vj^. 
a. 6.84 V 
b. 13.15 V7 
c. 6.84 Vp 
d. 4.83 Vj 
18. See figure 8-2. Find Vg. 
a. 14.14 V 
b. 56.6 V ; 
c . 20 V 
d. 28.2#^Vp_p 
19. The length of time for an ac wave form to start to repeat is 
called 
a. the frequency. 
b. alternating current. 
c. revolutions per minute. 
d. the period. 
20. See 
a. 
b. 
c. 
d. 
21. A sine wave has a value of 22 V___. What is the instantaneous 
value at an angle of 284°? 
a. 10.67 V 
b. 0.33 V 
c. -10.67 V 
d. -2.66 V 
22. See figure 8-2. If Rj opens, will 
a. increase. 
b. decrease. 
c. remain the same. 
d. not change since this is an ac source. 
figure 8-2. Solve for Vg, 
21.44 V_ 
6.84 V/ 
13.15 9 
13.68 Vp 
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23. See figure 8-2 Find the instantaneous voltage across R, at an 
angle of 22®. 
a. 8-03 V 
b. 11.96 V 
c. 2-56 V 
d- 20.25 V 
24. A square wave has a pulse width of 0.050 ms and a frequency 
of 4 kHz. Find the duty cycle of the square wave. 
a. 80 % 
b. 20 % 
c. 1-25 % 
d. 98.75 % 
25. A square wave has a peak value of 10 V. It changes from 1 V 
to 9 V in 0.050 ms. This is called 
a. fall time. 
b. average value. 
c. pulse width. 
d. rise time. 
26. A sine wave has a peak value of 169 V. What is the 
instantaneous value at an angle of 37®? 
a. 135 V 
b. 119 V 
c. 239 V 
d. 102 V 
27. See figure 8—1. The time from point B to C is called 
a. an alternation. 
b. the period. 
c. a cycle. 
d. peak voltage. 
28. See figure 8—1. The voltage value at point H represents 
a. rms voltage. 
b. peak voltage. 
c. p-p voltage. 
d. one cycle of voltage. 
29. See figure 8-2. Find V 
30. 
a. 15.16 
b. 21.43 
42.88 
15.16 
Rl-
c. 
d. 
'P-P 
'peak 
'peak 
peak 
See figure 8-2. Calculate I 
a. 4.55 mA 
b. 3.22 mA 
c. 9.12 mA 
d. 6.44 mA 
p-p-
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31. When a sine wave has a frequency of 60 Hz, in 10 s it goes 
through 
a. 6 cycles 
b. 10 cycles 
c. 1/16 cycles 
d. 600 cycles 
32. If the peak value of a sine wave is 10 V, the peak-to-peak 
value is 
a. 20 V 
b. 5 V 
c. 100 V 
d. none of these 
33.. The instantaneous value of a 15 A peak sine wave at a point 
32 degrees from its positive-going zero crossing is 
a. 7.95 A 
(52Z!H>—  ^ l . O o ^Slh 
34- If the rms current through a 10 kn resistor is 5 mA, the rms 
voltage drop across the resistor is 
a. 70.7 V 
b. 7.07 V 
c. 5 V 
d. 50 V 
35. Two series resistors are connected to an ac source. If there 
is 6.5 V rms across one resistor and 3.2 V across the other, 
the peak source voltage is 
a. 9.7 V 
b. 9.19 V 
c. 13.72 
d. 4.53 V 
178 
chapter 9: Caoacitiors 
1. The measure of a capacitor's ability to store voltage is 
called capacitance. 
a. true 
b. false 
2. A capacitor blocks dc and passes ac. 
a. true 
b. false 
3. If two capacitors are in parallel across a dc source, the 
smaller capacitor has the larger voltage across, it. 
a. true 
b. false 
4. If the distance between the plates of a capacitor is 
increased, the capacitance decreases. 
a. true 
b. false 
5. The time constant is the time required for a capacitor to 
fully charge. 
a. true 
b. false 
6. The measure of a capacitor's ability to store resistance is 
called capacitance. 
a. true 
b. false 
7. If two capacitors are in series across a dc source, the 
smallest capacitor has the largest voltage across it. 
a. true 
b. false 
8. A capacitor will fully charge in about five time constants. 
a. true 
b. false 
9. To find the total capacitance of two capacitors in parallel, 
you must combine them using a similar procedure as resistors 
• in parallel. 
a. true 
b. false 
10. If the area of the plates of a capacitor is decreased, then 
the capacitance will decrease. 
a. true 
b. false 
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11. A capacitor has a charge of 0.500 p-C and a voltage of 50 V 
across it. What is the capacitance? 
a. 0.01 nF 
b. 1 nF 
c. O.OOl jiF 
d. .n-ni  ^  
12. A 0.022 uF capacitor has a voltage of 22 V across it. What 
charge is stored on the capacitor? 
_ a. 0.0484 \jlC 
b. 4.84 nC 
c. 0.484 jiC 
d. 48.4 ixC 
13. The dc working voltage of a capacitor is 100 V. This means 
that the dielectric must be able to withstand 
a. 100 V dc, 
b. 75 V 
c. 220 
14. two capacitors are connected in parallel across 20 V. If 
Cj = 0.050 fiF and Cg = 0.100 nF, what are Cy and the voltage 
across each capacitor? 
a. 0.15 |iF and 10 V 
b. 0.05 uiF and 15 V 
c. 0.10 tiF and 20 V 
d. 0.15 tiF and 20 V 
15. Three capacitors are in series. C^ = 0.022 jiF, C, = 0.022 nF, 
and Cg = 0.050 |JiF. The source voltage is 25 V. Wnat is the 
voltage across C3? 
a. 10.24 V 
b. 11.76 V 
c. 4.5 V 
d. 17.5 V 
16. A 4.7 ^ F is in series with a 22 kn resistor. What is the time 
constant? 
a. 0.103 ms 
b. 1.03 ms 
c. 10.3 ms 
d. 103 ms 
17. A 0.047 }JiF capacitor is in series with a 100 kn resistor 
across a 20 V source. How long will it take for the capacitor 
to completely charge? 
a. 2.35 s 
b. 0.235 ms 
c. 23.5 ms 
d. 235 ms 
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18. A 1.0 capacitor is in series with a 47 kJî resistor. The 
voltage across the capacitor is 25 V. How long will it take 
to completely discharge the capacitor through the resistor? 
a . 47 s 
b. 235 s 
c. 47 ms 
d. 235 ms 
19. A 1 nF capacitor is in series with a 10 kR resistor. A switch 
is closed applying 20 V to the circuit. What will the voltage 
across the capacitor be after one time constant? 
a. 17 V 
b. 12.06 V 
c. 10.99 V 
d. 12.64 V 
20. A 4-7 nF capacitor is in series with a 10 kQ resistor. A 
switch is closed, applying 25 V to the circuit. What will the 
voltage across the resistor be after one time constant? 
a. 9.2 V 
b. 23,75 V 
c. 21.63 V 
d. 15.8 V 
21. A 4.7 pF is in a circuit with a frequency of 10 kHz. What 
value is X ? 
a. 338.8 n 
b. 294 un 
c. 3.388 . n 
d. infinite 
22. A 2000 pF capacitor has an of 745 CI. What is the operating 
frequency? 
a. 106.8 Hz 
b. 10.14 kHz 
c. 1.014 kHz 
d. 1014 Hz 
23. An ohmmeter is used to test a capacitor. The reading in both 
directions is very high. The capacitor is probably 
a. shorted. 
b. leaking. 
c. open. 
d. completely charged. 
24. A 22 jiF capacitor is connected to a 15 V, 400 Hz source. The 
current will be 
a. 55 mA 
b. 18.1 mA 
c. 829 mA 
d. 1.81 A 
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25. You want to check a large electrolytic capacitor with an 
' ohmmeter. You place the leads across the capacitor and the 
meter reading starts at a low value and keeps increasing. The 
capacitor is 
a. open. 
b. leaky. 
c. shorted. 
d. OK; this is normal. 
26. Three capacitors are in series. Cj = 0.100 pF. C, = 0.100 piF, 
and Cg = 0.050 nF. The source voltage is 75 V. What is the 
voltage across C.? 
a. 18.75 V 
b. 50 V 
c. 37.5 V 
d. 100 V 
27. A 0.047 iiF capacitor is in series with a 1 MO resistor. How 
long will it take to completely charge the capacitor? The 
supply voltage is 50 V. 
a. 0.047 s 
b. 0.029 s 
c. 0.235 s 
d. 0.47 s 
28. A 0.1 uF capacitor is in series with a 2.2 kn resistor. A 
voltage of 30 V is applied when the switch is closed. What 
will the voltage across the capacitor be after one time 
constant? 
a. 29.4 V 
b. 28.50 V 
c. 25.95 V 
d. 18.96 V 
29. If the frequency applied to a capacitor is increased, the 
capacitive reactance will 
a. increase. 
b. decrease. 
c. remain the same. 
d. vary up and down. 
30. A capacitor which will transfer an ac signal from one stage 
to another is called a capacitor. 
a. bypass 
b. filter 
c. coupling 
d. transfer 
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31. A 1 uF, a 2.2 uF, and a 0.05 piF capacitor are connected in 
series. The total capacitance is less than 
a. 1 nF 
b. 2.2 nF 
C. 0.05 IAF 
d. 0.001 nF 
32. Four 0.022 jiF capacitors are in parallel. The total 
capacitance is 
a- 0.02 nF 
b. 0.08 iiF 
c. 0.05 |iF 
d. 0.04 fiF 
33. An uncharged capacitor and a resistor are connected in series 
with a switch and a 12 V battery. At the instant the switch 
is closed, the voltage across the capacitor is 
a. 12 V 
b. 6 V 
c. 24 V 
d. O V 
34. An uncharged capacitor and a resistor are connected in series 
with a switch and a 12 V battery. The voltage across the 
capacitor when it is fully charged is 
a. 12 V 
b. 6 V 
c. 24 V 
d. —6 V 
35. An uncharged capacitor and a resistor are connected, in series 
with a switch and a 12 V battery. The capacitor will reach 
full charge in a time equal to approximately 
a. RC 
b. 5 RC 
c. 12 RC 
d. cannot be predicted 
183 
chapter IQ: Inductors 
1. The total inductance of inductors in parallel is the sum of 
all the inductances. 
a. true 
b. false 
2. The energy stored in an inductor's electromagnetic field is 
produced by the current. 
a. true 
b. false 
3. An inductor passes dc and opposes ac. 
a. true 
b. false 
4. Inductive reactance decreases when the frequency is 
increased. 
a. true 
b. false 
5. In an inductive circuit the voltage leads the current. 
a. true 
b. false 
6. The energy stored in an inductor's electromagnetic field is 
produced by the resistance of the winding. 
a. true 
b. false 
7. In an inductive circuit the voltage and current are in phase. 
a. true 
b. false 
8. Inductances in series or parallel combine in a similar manner 
to resistors in series or parallel. 
a- true 
b. false 
9. When a dc voltage is first applied to an inductor, the 
circuit current is zero. 
a. true 
b. false 
10. If an inductor is placed in a circuit with ac applied, the 
voltage across the inductor leads the current through it. 
a. true 
b. false 
11. A 50 mH inductor is in series with a 15 mH inductor. What is 
the total inductance? 
a. 11.5 mH 
b. 15 mH 
c. 50 mH 
d. 65 mH 
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12. A 12 mH inductor is in series with a 10 kn resistor. The 
source voltage is 15 V. What is the maximum current? 
a. 1.2 mA 
b. 1.5 mA 
c. 2.2 mA 
d. 6.32 mA 
13. An inductor has an ac current flowing through it. The 
magnetic field is 
a. steady. 
b. constantly changing. 
c. moving from south to north. 
d. collapsed. 
14-. You have two inductors. One inductor has an iron core, and 
the other inductor has an air core. Which inductor probably 
has the larger inductance? 
a. air core 
b. neither ; both have the same 
c. iron core 
d. there is no way to tell 
15. A 50 mH inductor has a voltage of 25 V with a frequency of 
22 kHz applied to it. What is X,? 
a. 6908 n 
b. 500 JJ 
c. 113 n 
d. 69 n 
16. In an inductive circuit, the lags the . 
a. voltage, resistance 
b. current, voltage 
c. current, resistance 
d. voltage, reactance 
17. A 27 mH inductor has an of 5.5 kn. What is the applied 
frequency? 
a. 932 Hz 
b. 324 Hz 
c. 3.24 kHz 
d. 32.4 kHz 
18. A 10 mH inductor is in series with a 47 kn resistor. What is 
the time constant? 
a. 0.213 us 
b. 470 s 
c. 213 s 
d. 470 ms 
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19. An inductor has a magnetic field around it. How many time 
constants will it take to collapse the field completely? 
a. 1 
b. 3 
c. 4 
d. 5 
20. An inductor with an inductance of 0.2 mH and a resistance of 
20 n is applied to a 1 MHz source. What is the inductive 
reactance? 
a. 1.256 Mn 
b. 125.6 kn 
c. 1.256 kn 
d. 125.6 R 
21. An inductor is in an ac circuit with a voltage of 12 V. The 
current is 50 mA. What is Xj_? 
a. 6 n 
b. 60 n 
c. 600 n 
d^ 240 R 
22. You believe you have a faulty inductor. The resistance 
measures infinite. The do voltage across the coil equals the 
source voltage. The probable fault, if any, is that 
a. the coil is shorted. 
b. the coil is open. 
c. the coil is normal. 
d. the coil will work on ac. 
23. A 20 mH inductor is in parallel with a 50 mH inductor. The 
total inductance is 
a. 20 mH 
b. 50 mH 
c. 70 mH 
d. 14.29 mH 
24. You have an application that will use an inductance of 65 mH. 
You have one inductor with a value of 100 mH. What value must 
the other inductor have to equal the desired total value? 
How will the circuit be connected? 
a. 185.7 mH, in series 
b. 185.7 mH, in parallel 
c. 35 mH, in parallel 
d. 35 mH, in series 
25. A coil of wire is carrying a dc current of 100 mA. The X|^ of 
the coil is 600 n at 60 Hz. The voltage across the coil is 
30 V. What is the resistance of the coil? 
a. 600 n 
b. 60 n 
c. 300 n 
d. 30 JÎ 
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26. Two 2-5 mH inductors are in series with a 4.7 kn resistor. 
The source voltage is 100 V. What is the maximum current in 
this circuit? 
a. 21.3 mA 
b. 63.2 mA 
c. 1.1 mA 
d. 7,9 mA 
27. A frequency of 10 kHz is applied to a coil with an inductance 
of 150 mH. What is the inductance reactance? 
a. 1500 n 
b. 6280 n 
c. 8450 n 
d. 9420 n 
28. A 50 mH inductor is in series with a 5 kQ resistor. What is 
the time constant? 
a. 10 ps 
b. 100 s 
C. 250 S 
d. 10 ms 
29. A 40 mH inductor is in parallel with a 24 mH inductor. The 
total inductance is 
a. 64 mH. 
b. 32 mH. 
c. 15 mH. 
d. 150 mH. 
30. You think that an inductor is faulty. You measure the 
resistance at zero ohms. The dc voltage across the coil 
measures zero. The probable fault, if any, is 
a. the coil is shorted. 
b. the coil is open. 
c. the coil is normal. 
d. the coil will work on ac. 
31. An inductance of 0.05 nH is larger than 
a. 0.0000005 K 
b. 0.000005 H 
c. 0.000000008 H 
d. 0.00005 H 
32. An inductance of 0.33 mH is smaller than 
a. 33 nH 
b. 330 HH 
c. 0.05 mH 
d. 0.0005 H 
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33. Four 10 mH inductors are in series. The total inductance is j 
a. 40 mH 
b. 2.5 mH 
c. 40,000 |iH 
d. both a and c 
34..' A 1 mH, a 3.3 mH, and a 0.1 mH inductor are connected in 
parallel. The total inductance is 
a. 4.4 mH 
b. greater than 3.3 mH 
c. less than 0.1 mH 
d. both a and b 
35. An inductor, a resistor, and a switch are connected in series 
to a 12 V battery. At the instant the switch is closed, the 
inductor voltage is 
a. O V 
b. 12 V 
c. 6 V 
H A V 
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1- Only the number of turns in the primary and secondary of a 
transformer determines the actual secondary voltage. 
a. true 
b. false 
2. A transformer can be used as an impedance matching device. 
a. true 
b. false 
3. A step-down transformer could have a primary-secondary turns 
ratio of 4:1, 
a. true 
b. false 
4. Transformer cores are made from laminated iron to reduce 
losses. 
a. true 
b. false 
5. The efficiency of transformers is very low. 
a. true 
b. false 
6. A transformer with a turns ratio of 1:1 is often used to 
isolate a load from a source. 
a. true 
b. false 
7. A transformer with a turns ratio of 1:7 is a step down 
transformer. 
a. true 
b. false 
8. If a dc voltage is applied to the primary of a transformer, 
an ac voltage is induced in the secondary. 
a. true 
b. false 
9. An ideal transformer has no power loss. 
a. true 
b. false 
10. A typical transformer fault would be an open winding. 
a. true 
b. false 
11. A step-up transformer will decrease 
and increase 
a. current, resistance 
b. current, voltage 
c. voltage, current 
d. resistance, current 
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12. The hysteresis loss in a transformer is 
a. due to current flowing in the core. 
b. caused by rapid reversal of the magnetic field. 
c. caused by the resistance of the wire. 
d. another name for flux leakage loss. 
13. Eddy current loss in a transformer is 
a. due to current flowing in the core. 
b. caused by rapid reversal of the magnetic field. 
c. caused by the resistance of the wire. 
d. another name for flux leakage loss. 
14. When a source is connected to a load, maximum power is 
delivered to the load when the load resistance is equal to 
the source resistance. This is a definition of 
a. Lenz's Law. 
b. Ohm's Law. 
c. Maximum power transfer theorem. 
d. Kirchhoff's Law. 
1:3 
Figure 11- 1 
15. See figure 11-1. There are three times as many turns in the 
secondary as in the primary. What is the secondary voltage 
b. 80 V 
c. 240 V 
d. 360 V 
16. See figure 11-1. If the ratio of primary to secondary turns 
were changed to 7:1, what is the output voltage V ? 
a. 17.14 V 
b. 840 V 
c. 8.59 V 
d. 420 V 
17. See figure 11-1. If the primary to secondary turns ratio is 
changed to 3:1, and a load resistor of lOO n is in the 
secondary, what is the secondary current Ig? 
a. 33 mA 
b. 40 mA 
c. 330 mA 
d. 400 mA 
190 
chapter 11: Transformers 
18. See figure 11-1. The primary-secondary turns ratio is kept at 
1:3 and Ig is 240 mA. What is the primary current Ip? 
a. 60 mA 
b. 120 mA 
c. 720 mA 
d. 1.2 A 
19. See figure 11-1. The primary-secondary turns ratio is 3:1 and 
Ig is 240 mA. What is the reflected resistance seen by the 
primary? 
a. 167 n 
b. 500 n 
c. 1500 a 
d. 9000 n 
20. A circuit is giving you problems. The power transformer is 
delivering a low output voltage. The input voltage to the 
transformer is correct. A probable trouble is 
a. an open secondary. 
b. a shorted primary. 
c. an open primary. 
d. a partially shorted secondary. 
21. You are going to buy a matching transformer to match a 600 SÎ 
audio signal distribution line to an 8 12 speaker. The primary 
should have more turns than the secondary. 
a. 8.66 
b. 75 
c. 0.013 
d. 0.115 
22. You need to couple two circuits together with no change in 
either voltage or current. The correct transformer to use 
would be 
a. a step-up type. 
b. an isolation type . 
c. a step-down type. 
d. a power type. 
23. A common use for a transformer is to 
a. convert a lower current into a higher current. 
b. convert a higher voltage into a lower voltage. 
c. match the impedance of a source to the impedance of 
a load. 
d. all of these 
e. none of these 
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24. A power transformer for a TV set has a primary winding 
designed to operate with an ac voltage of 125 V. This 
transformer has four secondary windings, all of the same gage 
wire. You measure the resistance of each secondary winding 
and find that one has the lowest resistance. Which winding 
will have the lowest resistance? 
a. the 550 V secondary 
b. the 6.3 V secondary 
c. the 12 V secondary 
d. the 5 V secondary 
25. The center tapped secondary winding of a transformer gives 
unequal voltages on each half of the secondary. This is 
causing your power amplifier to work improperly. What is a 
probable solution? 
a. Add some turns to the half with the lower voltage 
winding. 
b. Remove some turns from the half with the higher voltage 
winding. 
c. Replace the transformer. 
d. Do not concern yourself; the customer will probably not 
notice the problem. 
26. A step-up transformer will increase and 
decrease . 
a. voltage, impedance 
b. current, impedance 
c. voltage, power 
d. power, current 
27. See figure 11-1. If the ratio of primary to secondary turns 
is changed to 4.5:1, what is the output voltage-Vg? 
a. 540 V 
b. 26.67 V 
C. 5.92 V 
d. 4.72 V 
28. See figure 11-1. If the primary to secondary turns ratio is 
changed to 4:1, and a load resistor of 50 ohms is in the 
secondary, what is the secondary current? 
a. 1.66 A 
b. 600 mA 
c. 9.6 A 
d. 4.8 A 
29. See figure 11-1. The primary-secondary turns ratio is changed 
to 4:1 and Ig = 40 mA. What is the primary current? 
a. 160 mA 
b. 40 mA 
c. 10 mA 
d. 4 mA 
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30. Sec figure 11-1. The primary-secondary turns ratio is changed 
to 4:1 and Ig = 40 mA. What is the reflected resistance seen 
by the primary? 
a. 4 kI2 
b . 8 kn 
c. 12 kn 
d. 16 kn 
31. when the turns ratio of a transformer is 1:10 and the primary 
ac voltage is 6 V, the secondary voltage is 
a. 60 V 
b. 0.6 V 
c. 6 V 
d. 36 V 
32. If 10 W of power are applied to the primary of an ideal 
transformer with a turns ratio of 1:5, the power delivered to 
the secondary load is 
a. 50 W 
b: 0.5 W 
c. O W 
d. 10 W 
33. When a 1 kn load resistor is connected across the secondary 
winding of a transformer with a turns ratio of 1:2, the 
source "sees" a reflected load of 
a. 250 n 
b. 2 kn 
c. 4 kn 
d. 1 kn 
34. When a 1 kn load resistor is connected across the secondary 
winding of a transformer with a turns ratio of 2:1. the 
source "sees" a reflected load of 
a. 1 kn 
b. 2 kn 
c. 4 kn 
d. 500 n 
35. The turns ratio required to match a 50 n source to a 200 n 
load is 
a. 4:1 
b. 2:1 
c. 1:4 
d. 1:2 
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1. The total current Jn an RC circuit always leads the source 
voltage. 
a. true 
b. false 
2. The phasor combination of Vb and Vg in an RC series circuit is 
called the source voltage. Vg. 
a. true 
b. false 
3. An RC circuit can be used as a filter to eliminate certain 
frequencies. 
a. true 
b. false 
4. As the frequency applied to an RC circuit is decreased, the 
phase angle decreases. 
a. true 
b. false 
5. As the frequency applied to an RC circuit is varied, and 
resistance also vary. 
a. true 
b. false 
6. The total current in an RC circuit always lags the source 
voltage. 
a- true 
b. false 
7. The phasor combination of Xg and R is called Z. 
a. true 
b. false 
8. As the frequency applied to an RC circuit is increased, the 
impedance decreases. 
a. true 
b. false 
9. The phase angle of an RC circuit varies inversely with 
frequency. 
a. true 
b. false 
10. When the frequency applied to an RC circuit is varied, the 
value of Xg varies. 
a. true 
b. false 
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Figure 12-1 
11. See figure 12-1- If the frequency is 60 Hz, what is the value 
of capacitance? 
a. 22 nF 
b. 44 nF 
c. 66 (iF 
d. 88 nF 
12. See figure 12-1. If the source voltage is changed to 50 V, 
find the impedance. 
a. 120 n 
b. 280 n 
c. 418 ÎÎ 
d. 520 n 
13. See figure 12-1. If the source voltage is changed to 50 V, 
calculate the true power. 
a. 916 mW 
b. 5.72 mW 
c. 5.72 W 
d. 275 mW 
14. See figure 12-1. If the operating frequency is increased, 
what effect will that increase have on the current? 
a. It will increase. 
b. It will remain the same. 
c. It will decrease. 
d. It will decrease to zero. 
15. See figure 12-1. If the operating frequency is increased, 
what effect will that increase have upon the phase angle? 
a. It will increase. 
b. It will remain the same. 
c. It will decrease. 
d. It will change to another quadrant. 
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16. See figure 12-1. If the operating frequency is increased, 
what effect will it have on the value of the resistor? 
a. It will increase. 
b. It will remain the same. 
c. It will decrease. 
d. It will open. 
0.47 TIF 
/ =  I  k H z  
Figure 12-2 
17. See figure 12-2. If the resistor is changed to 47 kn, what 
effect will that change have upon the total current? 
a. It will increase. 
b- It will remain the same. 
c. It will decrease. 
d. It will decrease to zero. 
18. See figure 12-2. Calculate the voltage drop across the 
resistor. 
a. 10 V 
b. 20 V 
c. 59 mV 
d. 19.94 V 
19. See figure 12-2. You need to increase the power factor. What 
changes could you make to accomplish this? 
a. Increase the value of Vs. 
b. Increase the value of the resistor. 
c. Increase the value of the capacitor. 
d. Decrease the value of the capacitor. 
20. See figure 12-2. Which statement describes the relationship 
of Ip to I,j? 
a. They are in phase. 
b. IC leads IR. 
c. IC lags IR. 
d. They are 180® out of phase. 
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Figure 12-3 
21. See figure 12-3- This circuit is known as 
a. a high-pass filter. 
b. a band-pass filter. 
c. a low-pass filter. 
d. parallel RC circuit. 
22- See figure 12-3. If the resistor is changed to 47 kn, what is 
the new cutoff frequency? 
a. 85 Hz 
b. lis Hz 
c. 995 Hz 
d. 1012 Hz 
23. See figure 12-3. If the input voltage were constant at 22 V 
for all incoming frequencies, what would the output voltage 
be at the cutoff frequency? 
a. 6-446 V 
b. 31.12 V 
c. 15.554 V 
d. 22 V 
24. See figure 12-3. If the output were taken across the 
resistor, the circuit would be known as a filter. 
a. low-pass 
b- high-pass 
c. band-pass 
d. band-noteh 
25. See figure 12-3. This filter has an output voltage that is 
too high at the cutoff frequency. Determine a possible 
trouble that could cause this output-
a- The resistor has opened-
b. The capacitor has shorted. 
c. The resistor has shorted. 
d. The capacitor has become leaky-
26- See figure 12-1- Calculate the voltage drop across the 
capacitor. 
a. 19.14 V 
b. 16.7 V 
c. 20 V 
d. 5.75 V 
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27. See figure 12-1. Calculate the apparent power 
a. 0.874 VA 
b. 0.916 VA 
c. 0.957 VA 
d. 0.989 VA 
28. See figure 12-2. Find the total impedance. 
a. 1000 n 
b. 880 n 
c. 321 B 
d. 62 n 
29. See figure 12-1. If the frequency is increased, the phase 
angle will and the impedance will . 
a. decrease, increase 
b. decrease, decrease 
c. increase, decrease 
d. increase, increase 
30. See figure 12-3. The cutoff frequency is 
a. 6250 Hz. 
b. 99 Hz. 
c. 480 Hz. 
d. 995 Hz. 
31. In a series RC circuit, 10 V^^g is measured across the 
resistor and 10 V is also measured across the capacitor . 
The rms source voltage is 
a. 20 V 
b. 14.14 V 
c. 28.28 V 
d. 10 V 
32. In a parallel RC circuit, there is 1 A^^g through the 
resistive branch and 1 A^^ through the capacitive branch. 
The total rms current is 
a. 1 A 
b. 2 A 
c. 2.28 A 
d. 1.414 A 
33. A power factor of 1 indicates that the circuit phase angle is 
a. 90° 
b. 45® 
c. 180® 
d. O® 
34. For a certain load, the true power is lOO W and the reactive 
power is 100 VAR. The apparent power is 
a. 200 VA 
b. 100 VA 
c. 141.4 VA 
d. 141.4 W 
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35. If the bandwidth of a certain low-pass is 1 kHz, the cutoff 
frequency is 
a. 0 Hz 
b. 500 Hz 
c. 2 kHz 
d. 1000 Hz 
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1. The source voltage always leads the total current in an RL 
circuit. 
a - true 
b. false 
2. A low-pass filter passes high frequencies and blocks other 
frequencies. 
a. true 
b. false 
3. The impedance of an RL series circuit varies inversely with 
the frequency. 
a. true 
b. false 
4. In a filter circuit using RL components, a decrease in the 
value of R will increase the cutoff frequency. 
a. true 
b. false 
5. The impedance of a series RL circuit is found by adding the 
values of X|_ and R. 
a. true 
b. false 
6. The source voltage always lags the total current in an RL 
circuit. 
a. true 
b. false 
7. A high-pass filter passes high frequencies and blocks low 
frequencies -
a. true 
b. false 
8. In an RL circuit, if the frequency is increased, the 
impedance will decrease. 
a. true 
b. false 
9. In a filter circuit using RL components, an increase in the 
value of inductance will increase the cutoff frequency. 
a. true 
b. false 
10- The impedance if a series RL circuit is found by adding the 
values of X|_ and R using a phasor diagram. 
a. true 
b. false 
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Figure 13- 1 
11. See figure 13-1- If the frequency is 60 Hz, what is the value 
of the inductance? 
a. 265 mH 
b. 3.768 H 
c. 26.5 mH 
d. 3.768 mH 
12. See figure 13-1, If the source voltage is changed to 50 V, 
find the impedance. 
a. 104 n 
b. 112 JÎ 
c. 1120 n 
d. 1040 n 
13. See figure 13-1. If the source voltage is changed to 50 V, 
calculate the true power. 
a. 1 W 
b. 400 mW 
c. 4 W 
d. 10 W 
14. See figure 13-1. If the operating frequency is increased, the 
current will 
a. increase. 
b. decrease. 
c. remain the same. 
d. decrease to zero. 
15. See figure 13-1. If the operating frequency is increased, 
the phase angle will 
a. increase. 
b. decrease 
c. remain the same. 
d. change to another quadrant. 
16. See figure 13-1. If the operating frequency is increased, the 
value of inductance will 
a. increase. 
b. decrease 
c. remain the same. 
d. decrease to zero. 
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Figure 13—2 
17. See figure 13-2. If the value of the resistor is changed to 
47 kn, the total current will 
a. increase. 
b. decrease. 
c. remain the same. 
d. decrease to zero. 
18. See figure 13-2. You need to increase the power factor. What 
change could you make to accomplish this? 
a. Increase the source voltage. 
b. Decrease the source voltage. 
c. Decrease the value of the resistor. 
d. Increase the value of the resistor. 
19. See figure 13-2. Which statement describes the relationship 
of I, to Ip? 
a. They are in phase. 
b. Ij_ leads Ip. 
c. I, lags Ip. 
d. They are 180® out of phase. 
Figure 13-3 
20. See figure 13-3. This circuit is known as a filter. 
a. low-pass 
b. high-pass 
c. band-pass 
d. notch 
21. See figure 13-3. If the resistor is changed to 50 kn, find 
the new cutoff frequency. 
a. 637 Hz 
b. 796 Hz 
.  C .  637 kHz 
d. 7.96 kHz 
202 
Chapter 13 : Frequency Response of RL Circuits 
at the cutoff frequency. 
22. See figure 13-3. If the input voltage is constant at 47 V 
for all frequencies, find 
a. 6.77 V 
b. 33.3 V 
c. 29-7 V 
d. 17.3 V 
23. See figure 13-3. Some of the turns of the inductor have 
shorted. What effect will this have on the circuit operation? 
a- The cutoff frequency will increase-
b. The cutoff frequency will decrease. 
c. The output voltage at the cutoff frequency will increase. 
d. The output voltage at the cutoff frequency will decrease. 
24. See figure 13-1. If the frequency decreases, the phase angle 
will , and the current will ; . 
a. increase, increase 
b. decrease, decrease 
c. increase, decrease 
d. decrease, increase 
25. See figure 13-3. If the output were taken across the 
inductor, the circuit would be known as a filter. 
a. low-pass 
b. high-pass 
c. band-pass 
d. notch 
26. See figure 13-1. Find the voltage across the inductor. 
a. 0.4 V 
b. 0.894 V 
c. 4.47 V 
d. 8.94 V 
27. See figure 13-1. Find the apparent power. 
a. 0.4 VA 
b. 0.8 VA 
c. 8.94 VA 
d. 0.894 VA 
28. See figure 13-2. Find the total impedance. 
a. 1.074 kn 
b. 9.09 kn 
c. 5.71 kn 
d. 1 , 8 6  kn 
29. See figure 13-1. If the frequency is increased, the phase 
angle will and the impedance will 
a. decrease, increase 
b. decrease, decrease 
c. increase, decrease 
d. increase, increase 
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30. See figure 13-3. Find the cutoff frequency. 
a. 2.5 MHz 
b. 637 Hz 
c. 1.2 MHz 
d. 408 Hz 
31. In a series RL circuit, lO is measured across the 
resistor, and 10 is measured across the inductor. The 
peak value of the source voltage is 
a. 14.14 V 
b. 28.28 V 
c. 10 V 
d. 20 V 
32. In a parallel RL circuit, there are 2 A_^ in the resistive 
branch and 2 in the inductive brancn. The total rms 
current is 
a. 4 A 
b. 5-656 A 
c. 2 A 
d. 2.828 A 
33. If a load is purely inductive and the reactive power is 
10 VAR, the apparent power is 
a. 0 VA 
b. 10 VA 
c. 14.14 VA 
d. 3.16 VA 
34. For a certain load, the true power is 10 W and the reactive 
power is 10 VAR. The apparent power is 
a. 5 VA 
b. 20 VA 
c. 14.14 VA 
d. 100 VA 
35. The cutoff frequency of a certain low-pass RL filter is 
20 kHz. The filter's bandwidth is 
a. 20 kHz 
b. 40 kHz 
c. O kHz 
d. unknown 
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1. The total impedance of a series RLC circuit at resonance is 
equal to the resistance, 
a. true 
b. false 
2. At resonance, a parallel RLC circuit is capacitive. 
a. true 
b. false 
3. At resonance, it is usual for Xg to equal X^. 
a. true 
b. false 
4. The bandwidth of a resonant circuit varies inversely with Q. 
As Q increases, the bandwidth decreases. 
a. true 
b. false 
5. A series resonant circuit has minimum impedance and maximum 
current. 
a. true 
b. false 
6- A parallel resonant circuit has minimum impedance and maximum 
line current. 
a. true 
b. false 
7. At resonance, a parallel RLC circuit is inductive. 
a. true 
b. false 
8. At resonance, a series RLC circuit has an impedance equal to 
the resistance. 
a. true 
b. false 
9. At resonance, a series RLC circuit has maximum current. 
a. true 
b. false 
10. A resonant RLC circuit is said to be very selective if Q has 
a low value. 
a. true 
b. false 
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V, = 6 V 
Figure 14-1 
11- See figure 14-1. Find the voltage across the capacitor. 
a. 5.37 V 
b. 0.633 V 
c. 10.7 V 
d. -4.9 V 
12. See figure 14-1. If you desired to operate this circuit at 
resonance, you will the resistance and 
the frequency. 
a. increase, increase 
b. decrease, decrease 
c. not change, increase 
d. not change, decrease 
13. See figure 14-1. If the frequency of the source voltage is 
increased, the impedance will and the current will 
a. decrease, decrease 
b. decrease, increase 
c. increase, increase 
d. increase, decrease 
14. See figure 14-1. If the resistance R, were increased, the 
impedance would 
a. increase 
b. decrease 
c. remain the same 
d. become zero 
— nw 
sa  30 ft 
30 V 
Figure 14-2 
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15. See figure 14-2. If the value of R were increased, the 
bandwidth would 
a. increase. 
b. remain the same. 
c. decrease. 
d. vary. 
16. See figure 14-2. If the capacitor opens, the current would 
a. increase because of the inductor. 
b. not change. 
c. decrease. 
d. continue but the circuit would not be resonant. 
17. A resonant circuit with a low Q means that it 
a. has a narrow pass-band. 
b. tunes sharply. 
c. has a wide pass-band. 
d. has a small voltage across the capacitor. 
18. The resonant frequency of a tank circuit with L = 50 mH and 
C = 256 pF is 
a. 44.5 Hz 
b. 44.5 kHz 
C. 445 kHz 
d. 4.45 MHz 
19. What is the bandwidth of a circuit resonant at 14.2 MHz, if 
Xg = 3.5 kn and the coil resistance is 8 ohm? 
a. 28.4 kHz 
b. 2285 Hz 
c. 14.2 MHZ 
d. 32.5 kHz 
20. A circuit with Xj_ = 1.2 kn is resonant at 22 kHz. If 
R = 60 n, f. = and f2 = ' . 
a. 21.45 kHz. 22.55 kHz 
b. 21.82 kHz, 22.18 kHz 
c. 20,9 kHz, 23.1 kHz 
d. 21.7 kHz, 22.3 kHz 
21. The impedance of a parallel resonant circuit is O.22 MO. 
Q = 100 and Vg = 50 V. Find the tank current. 
a. 0.227 mA 
b. 0.5 mA 
c. 5 mA. 
d. 22.7 mA 
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22. A series circuit resonant at 14 MHz has a source voltage of 
12 V. The output voltage across the inductor is 300 V. What 
is the ratio of V./V_. expressed in dB? 
a. 25 dB ® ^ 
b. 13.98 dB 
c. 27.96 dB 
d. 42.91 dB 
23. A resonant circuit is delivering 120 W. What is the power at 
f^ and f)? 
a. 84.84 W 
b. 84.84 W at fl and 60 W at f2 
c. 60 W 
d. 17 W at both frequencies 
24. A tank circuit is operating at a frequency below resonance. 
The circuit is in nature. 
a. resistive 
b. capacitive 
c. inductive 
d. positive 
25. You are working on a tuned tank circuit. This circuit tunes 
with a very narrow bandwidth. Q might be 
a. very low. 
b. very high. 
c. about 10. 
d. below 10. 
26. See figure 14—1. If the frequency of the source voltage is 
decreased a little, the impedance will and the 
phase angle will . 
a. increase, increase 
b. increase, decrease 
c. decrease, decrease 
d. decrease, increase 
27. See figure 14-2. At resonance the current will be 
a. 10 A 
b. 10 mA 
c. 1.66 A 
d. 1.66 mA 
28. In a parallel resonant RLC circuit, the impedance is 
and the total current is . 
a. maximum, maximum 
b. maximum, minimum 
c. minimum, minimum 
d. minimum, maximum 
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29. The resonant frequency of a tank circuit with L = O.150 mH 
and with C = 300 pF is 
a. 1.65 MHz. 
b. 751 kHz. 
c. 347 kHz. 
d. 6.05 MHz. 
30. A circuit is resonant at 1 MHz. Q = 50. f, = and 
f 2 = -
a. 0.98 MHz, 1.01 MHz 
b. 0.99 MHz, 1.01 MHz 
C. 0.99 MHz, 1.02 MHz 
d. 0.98 MHz, 1.02 MHz 
31. The impedance at the resonant frequency of a series RLC 
circuit with L = 15 mH, C = 0.015 uF, and R = 80 n is 
a. 15 ko 
b. 80 n  
c. 30 n  
d .  0  n  
32. In a certain series resonant circuit, Vg = 150 V, = 150 V, 
and Vm = 50 V. The value of the source voltage is 
a. 150 V 
b. 300 V 
c. 50 V 
d. 350 V 
33. A certain series resonant band-pass filter has a bandwidth of 
1 kHz. If the existing coil is replaced with one having a 
lower value of Q, the bandwidth will 
a. increase 
b. decrease 
c. remain the same 
d. be more selective 
34. The total current into the L and C branches at resonance is 
ideally 
a. maximum 
b. low 
c. high 
d. zero 
35. The total reactance of a series RLC circuit at resonance is 
a. zero 
b. equal to the resistance 
c. infinity 
d. capacitive 
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1. In an RC integrating circuit, the output is taken across the 
capacitor. 
a. true 
b. false 
2 .  In an RC integrator, when the pulse width of the input is 
much less than 5t, the output approaches the shape of the 
input. 
a. true 
b. false 
3. In an RL integrating circuit, the output is taken across the 
inductor. 
a. true 
b. false 
4. It takes a capacitor 5 time constants to charge completely. 
a. true 
b. false 
5. An RC differentiating circuit has the output taken across the 
resistor. 
a. true 
b. false 
6. An RC integrating circuit is a basic high-pass filter with a 
pulse applied to it. 
a. true 
b. false 
7. The output of an RC integrator is the capacitor voltage. 
a. true 
b. false 
8. An RL integrator is a basic RL low-pass filter with a pulse 
applied to it. 
a. true 
b. false 
9. In an RC integrator, as the time constant gets longer, the 
maximum capacitor voltage gets smaller. 
a. true 
b. false 
10. The output waveform of an RL integrator is exactly the same 
as the RC integrator with similar characteristics. 
a. true 
b. false 
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11. An RC integrating circuit has a 47 kn resistor in series with 
a 0.01 [iF capacitor. What is the time constant? 
a. 0.047 ms 
b. 0.047 us 
c. 0.47 ms 
d. 0.47 s 
12. An integrating circuit has a 10 kfl resistor in series with a 
470 iiF capacitor. What is the time constant? 
a. 0.047 lis 
b. 0.47 us 
c. 0.47 ms 
d. 4.7s 
13. A 1.2 Mn resistor is in series with a 22 p.F capacitor. How 
long will it take to completely charge the capacitor? The 
source voltage is 12 V. 
a. 132 s 
b. 26.4 s 
c. 0.264 s 
d. 2.64 s 
14. A 0.047 |i.F capacitor is charged to 12 V. You discharge it 
through a 10 kn resistor. How long will it take to completely 
discharge the capacitor? 
a. 5 s 
b. 0.47 ms 
c. 2.35 ms 
d. 0.18 ms 
15. A 15 V pulse is applied to an RC integrator. Thé pulse width 
equals one time constant. Find V. at the end of the pulse. 
a. 14.7 V 
b. 14.25 V 
c. 12.975 V 
d. 9.48 V 
16. An RC integrator uses a 0.47 jiF capacitor and a 5 kn 
resistor. A single 15 V pulse is applied for 4.7 ms. Find Vg 
at the end of the pulse. 
a. 9.48 V 
b. 12.975 V 
C. 14.25 V 
d. 14.7 V 
17. An RC differentiator circuit uses a 0.01 |iF capacitor and a 
10 kn resistor. The input signal is a square wave with a 
very short pulse width compared to the time constant. The 
output signal will be 
a. zero volts. 
b. a square wave very similar to the input voltage. 
c. a do value of about half the peak input voltage. 
d. a do voltage equal to the peak input voltage. 
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18. An RL differentiator has the output taken the 
a. across, resistor 
b. across, resistor and inductor 
c. across, inductor 
d. in parallel with, resistor 
19. You are trying to completely charge a 100 nF capacitor in 15 
seconds. Find the value of the necessary resistor. 
a. 15 kn 
b. 30 kn 
c. 25 kn 
d. 35 kn 
20. An RL integrator circuit uses an inductor of 2 H and a 
resistor of 22 kn. A pulse with a peak voltage of 12 V is 
applied for 0.0909 ms. What is the output voltage at the end 
of the pulse? 
a. 7.58 V 
b. 10.38 V 
c. 11.4 V 
d. 11.76 V 
21. An RL integrator circuit has a 200 mH inductor and a 1.2 kn 
resistor. A 5 V dc voltage has been applied to the circuit 
for 1.2 ms. What is the output voltage at the end of the 
pulse? 
a. 3.16 V 
b. 4.532 V 
c. 4.75 V 
d. 5 V 
22. An RC integrator circuit has a 10 second 50 V pulse applied 
to it. If R = 10 kn and C = 100 |iF, what is the output 
voltage at the end of the pulse? 
a. 31.6 V 
b. 43.25 V 
c. 47.5 V 
d. 50 V 
23. How does the RC differentiator output look when St is much 
less than the pulse width? 
a. positive spikes 
b. positive and negative spikes 
c. negative spikes 
d. square waves 
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24. A 22 V pulse with a width of 2 ms is applied to an RL 
integrator with L = 1 H and R = 1 kn. What is the output 
voltage at the end of the pulse? 
a. 13.9 V 
b. 19.03 V 
c. 20.9 V 
d. 21.56 V 
25. RC and RL integrators provide output(s) when the 
inputs are . 
a. the same, different 
b. different, different 
c. the same, the same 
d. different, same 
26. An integrating circuit has a 4.7 kn resistor in series with a 
0.005 nF capacitor. What is the time constant? 
a. 0.0235 ms 
b. 2.35 ms 
c. 235 ms 
d. 0.00235 ms 
27. A 12 V pulse is applied to an RC integrator. The pulse width 
equals one time constant. What will the voltage across the 
capacitor be at the end of the pulse? 
a. 4.41 V 
b. 12 V 
c. 7.58 V 
d. 0 V 
28. An RC integrator circuit uses a 0.05 nF capacitor and a 22 kn 
resistor. A single pulse of 12 V is applied to the circuit. 
The pulse width is 2.2 ms. Determine the capacitor voltage at 
the end of the pulse. 
a. 10.38 V 
b. 12 V 
c. 7.58 V 
d. 4.42 V 
29. An RC integrator uses a 47 nF capacitor and a 12 kn resistor. 
A square wave input with a frequency of 200 kHz is applied. 
The approximate output of the circuit is 
a. a square wave with a frequency of 100 kHz. 
b. O V. 
c. a square wave with a frequency of 200 kHz. 
d. a near dc voltage of about half the peak square wave 
voltage. 
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30. An RL integrator circuit uses a 10 mH inductor and a 10 R 
resistor. A pulse with a peak voltage of 16 V is applied for 
1 ms. What is the output voltage? 
a. 10.11 V 
b. 13.84 V 
c. 15.2 V 
d. 16.32 V 
31. When a 10 V pulse with a width equal to one time constant is 
applied to an RC integrator, the capacitor charges to 
a. 10 V 
b. 5 V 
c. 6.3 V 
d. 3.7 V 
32. When a 10 V pulse with a width equal to one time constant is 
applied to an RC differentiator, the capacitor charges to 
a. 10 V 
b. 5 V 
c. 6.3 V 
d. 3.7 V 
33. In an RC integrator, the output pulse closely resembles the 
input pulse when 
a. X is much larger that the pulse width. 
b. X is equal to the pulse width. 
c. % is less than the pulse width. 
d. X is much less than the pulse width. 
34. In an RC differentiator, the output pulse closely resembles 
the input pulse when 
a. X is much larger that the pulse width. 
b. X ix equal to the pulse width. 
c. X is less than the pulse width. 
d. X is much less than the pulse width. 
35. If you have an RC and an RL differentiator with equal time 
constants sitting side-by-side and you apply the same pulse 
to both, 
a. the RC has the widest output pulse. 
b. the RL has the most narrow spikes on the output. 
c. the output of one is an increasing exponential and the 
output of the other is a decreasing exponential. 
d. you can't tell the difference by observing the output 
waveforms. 
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Student Name 
1. Voltage and resistance are inversely proportional. 
a. true 
b. false 
2. A circuit consists of a voltage of 12 V and a resistance of 47 O. The circuit's current is 
0.255 A. 
a. true 
b. false 
3. A circuit consists of a voltage of 12 V and a resistance of 47 Î2. The power dissipated by the 
resistor is 30.6 W. 
a. true 
b. false 
4. If the resistance in a circuit decreases, then the current will increase. 
a. true 
b. false 
5. A 47n resistor has 0.5 mA flowing through it. It is ok to use a resistor with a power rating 
of 0.25 W. 
a. true 
b. false 
6. Resistance and current are 
a. directly proportional. 
b. inversely proportional. 
c. not related. 
d. are similar to voltage. 
7. If the voltage across a circuit decreases, then 
a. the current will increase 
b. the resistance will decrease. 
c. the resistance will increase. 
d. the current will decrease. 
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8. See Figure 3-2. If V = 12 V and H = 12 kî2, then I = 
a. 0.001 mA 
b. 0.01 mA 
c. 0.1 mA 
d. 1 mA 
e. 10 mA 
9. See Figure 3-2. If I = 32 mA and R = 0.469 then V = 
a. 12 V 
b. 15 V 
c. 19 V 
d. 22 V 
10. See Figure 3-2. If V = 67 V and I = 47 mA, then R = 
a. 1.425 k£2 
b. 1.67 kn 
c. 0.70 kQ 
d. 3.15 n 
11. See Figure 3-2. If V = 12 V and R = 12 k£2 and the resistor opens, the current will be 
a. 1 mA 
b. hard to determine. 
c. 0 
d. 10 mA 
12. See Figure 3-2. If the voltage is increased in 1-V steps, 
a. the current will decrease in steps. 
b. the resistance will decrease in steps, 
c. the current will increase in steps.. 
d. the resistance and current will not change. 
13. See Figure 3-2. If V = 50 V and I = 0.5 mA, then the power dissipated by the resistor 
a. 25 W 
fa. 2.5 W 
c. 0.25 W 
d. 25 mW 
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See Figure 3-2. If V = 50 V and I = 5 A, then the resistor must be capable of dissicating 
a. 250 W 
b. low 
c. 1W 
d. 250 mW 
A circuit consisting of a resistor color coded red, red, red is placed across a source of 12 V. 
What value resistor and wattage rating could be used? 
a. 22,000 Q at 1/4 W 
b. 2200 £2 at 1/2 W 
c. 22 kQ at 1/4 W 
d. 220 S2 at 1/8 W 
Which of the following terms is not a resistor rating? 
a. resistor value in ohms 
b. resistor tolerance 
c. current 
d. power rating 
See Figure 3-2. V = 12 V and R has the color codes brown, black, orange. You measure the 
current in the circuit. What limits of current might you expect to measure? 
a. 1.2 mA and 1.4 mA 
b. 1 mA and 1.6 mA 
c. 0.8 mA and 1.2 mA 
d. 1 mA and 1.5 mA 
See Figure 3-2. The resistor is very hot to touch. What should you do to remedy the 
problem? The current is correct. 
a. Increase the voltage. 
b. Put in a resistor with a smaller value. 
c. Replace the resistor with one of a larger power rating. 
d. Wait for it to bum out and then fbc it. 
A 40-W lightbulb has a resistance measurement of 24 S2 when out of the circuit. What is 
the resistance of the bulb when it is hot and in a circuit with a supply of 120 V? 
a. 180 Q 
b. 0.003 £2 
c. 360 a 
d. 1200 £2 
See Figure 3-2. If the resistor develops an open, 
a. the power dissipated will increase 
b. the circuit current will decrease. 
c. the source voltage will decrease to zero. 
d. the resistance will decrease. 
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Student Name 
1. In a series circuit, the sum of the individual resistor currents equals the total current. 
a. true 
b. false 
2. The sum of the individual voltage drops in a series circuit equals the source voltage. This 
KirchhofTs voltage law. 
a. true 
b. false 
3. The total power used in a series circuit is the product of each individual resistor's power. 
a. true 
b. false 
4. Three resistors, 4.7 kS2, 1.2 kS2, and 3.3 k£2 are in series. The total resistance is 9200 £2. 
a. true 
b. false 
5. A 1/2-W resistor can safely dissipate more than 1/2 W. 
a. true 
b. false 
R, 
rW» 
= A % 
rW — 
Rx 
FIGURE 4-1 
6. See Figure 4-1. Rj = 12 k£2, Rj = 4.7 kSÎ, and Rj = 2.2 kî2. 
Rj. = 
a. 19.8 kS2 
b. 18.9 kSÎ 
c. 8.6 kii2 
d. 1.33 k£2 
7. See Figure. 4-1. If R, opens and the source voltage is 12 V, the current is 
a. 12 V 
b. maximum. 
c. 0 
d. unable to be determined. 
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See Figure 4-1. Rj = 12 kû, Ej = 4.7 kS2, E, = 2.2 kC, and Vg = 50 V. The current is 
a. 26.5 roA 
b. 378 mA 
c. 0 
d. 2.65 mA 
Refer to problem 8. is 
a. 31.8 V 
fa. 63.6 V 
c. 5.8V 
d. 12.4 V 
Refer to problem 8. is 
a. 16.4 V 
b. 31.8 V 
c. 12.4 V 
d. 5.8 V 
Refer to problem 8. If R, shorts, the voltage drop across R  ^will 
a. increase 
b. decrease 
c. remain the same 
Refer to problem 8. If R, opens, the voltage drop across R, will be 
a. 16.5 V 
b. 33.5 V 
c. 9 V 
d. OV 
Refer to problem 8. The total power dissipated in the circuit is 
a. 132.5 mW 
b. 132.5 W 
c. 84 mW 
d. 33 mW 
Refer to problem 8. If Rj is shorted out, the total power dissipated by the circuit will 
a. increase 
b. decrease 
c. remain the same 
Two power supplies are in series with voltages of 12 V and 17 V respectively. What is the 
total supply voltage? 
a. 5 V 
b. -5V 
c. 29 V 
d. -29 V 
Two resistors are in series across a source of 20 V. Each resistor has a value of 100 kJ2. 
What is the voltage across each resistor? 
a. 20 V 
fa. 10 V 
c. ICO mA 
d. 100 kS2 
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A two-resistor voltage divider has Rj = 22 kî2 and R, = 12 kî2 across 47 V. What is-the 
voltage across E,? 
a. about 15.6 V 
b. about 30.4 V 
c. about 25.6 V 
d. about 17.2 V 
A 500 kî2 pot is connected across 5 V. The voltage from the wiper to ±he lower end of the 
pot is 1.2 V. What is the resistance of the lower part of the pot? 
a. 380 kO 
b. 120 k£i 
c. 500 k£2 
d. oa 
Three batteries are in series with potentials of 1.2 V, 5 V, and 6 V, but the 1.2-V batteiy is 
opposing the other two. The total supply voltage is 
a. 12.2 V 
b. 9.8 V 
c. 1.2 V 
d. 1.3 V 
Three sources are connected in series aiding. Each has a potential of 8 V. What is the total 
circuit voltage? 
a. 32 V 
b. 24 V 
c. 16 V 
d. 8V 
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Student Name 
1. Four resistors are connected in parallel The voltage across one resistor is 14 V. The 
voltage across the other resistors will also be 14 V. 
a. true 
b. false 
2. The sum of the values of four resistors in parallel equals the total resistance. 
a. true 
b. false 
3. A parallel branch has 1.2 mA flowing. The other branch has 3.4 mA. The total current into 
the junction of these branches is 4.6 mA. 
a. true 
b. false 
4. If an open occurs in one branch of a parallel circuit, then the total current will increase. 
a. true 
b. false 
5. The total power dissipated in a parallel circuit is the sum of the individual powers. 
a. true 
b. false 
6. A circuit of three parallel resistors, 1.2 kQ, 4.7 kS2, and 6.8 kO is supplied with a 20-V 
source. What is the total resistance? 
a. 838 Si 
b. 1200 n 
c. 4700 Q 
d. 6800 Q 
e. 12,700 £2 
7. Refer to the values of problem 6. The current throu  ^the 4.7-k£2 resistor is 
a. 16.7 mA 
b. 4.25 mA 
c. 2.94 mA 
d. 1.57 mA 
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Two resistors are in parallel, 1500 and 5000 Q. The total resistance of the circuit is 
a. 1500 Q 
b. 5000 a 
c. greater than 5000 £2 
d. less than 1500 £2 
A parallel circuit consisting of Rj = 100 £2, = 500 Q, and Eg has an Ilj- = 75.92 A. Find 
the value of H,. 
a. 140 Q 
b. 1000 £2 
c. 1850 £2 
d. There is not enou  ^data to compute. 
A parallel circuit consists of = 1.2 k£2 in parallel with R,. I? = 5 pA and Ig = 3 nA. What 
is the value of V^? 
a. 6 mV 
b. 18 mV 
c. 3.6 mV 
d. 2.4 mV 
Three resistors are connected in parallel across 50 V. The values are 680 k£2, 0.047 M£2 and 
470 k£2. If the 0.047-M£2 resistor opens, the total current, 1 ,^ will be 
a. 1.2 jnA 
b. 555 fiA 
c. 180 pA 
d. 790/xA 
Six 1.2-M£2 resistors are connected in parallel across 12 V. What is the total resistance of 
the circuit? 
a. 1.2 M£2 
b. 250 k£2 
c. 200 k£2 
d. 120 k£2 
Three parallel branches have a total current of 45 /lA flowing into them. Ij = 15 ftA and 
Ig = 19 juA. Find the current in the third branch. 
a. 34 fiA 
b. 26 ^ tA 
c. 30 /xA 
d. 11M-
As resistors are added in parallel to a circuit, 
a. It decreases and increases. 
b. It decreases and Rj. decreases. 
c. I, increases and R  ^decreases. 
d. It increases and Rj increases. 
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15. If a resistor in parallel opens, the total current will 
a. increase and the voltage will decrease. 
b. decrease and the voltage will be constant. 
c. increase and the fuse will blow. 
d. decrease and the voltage will increase. 
16. The total power in a parallel circuit 
a. is the sum of the individual poweis. 
b. is found by Vyip 
c. is the sum of the individual poweis minus the total power. 
d. is found by 
17. A circuit consists of three resistors in parallel, = 4.7 kî2, E, = 3.3 kî2, and = 35 mA 
and Vg = 50 V. Find 1,^  
a. 10.64 mA 
b. 15.15 mA 
c. 9.21 mA 
d. 4.72 mA 
18. 680 mA flow into four parallel resistors. The currents through three of the resistors are 
95 mA, 400 mA, 19 mA. The current through the fourth resistor is 
a. 585 mA 
b. 280 mA 
c. 261 mA 
d. 166 mA 
19. Two resistors are in paralieL = 470 £2 and = 330 SÎ. Find the value of Rj. 
a. 770 a 
b. 1108 £2 
c. 194 a 
d. 110 n 
20. House wiring of lamps are usually in parallel 
a. so they will draw less current 
b. because the resistance is higher. 
c. so one lamp burnout will not affect the other lamps.' 
d. because the power is greater than in a series circuit. 
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1. Four resistors are connected in parallel The voltage across one resistor is 14 V. The 
voltage across the other resistois will also be 14 V. 
a. true 
b. false 
2. The sum of the values of four resistors in parallel equals the total resistance. 
a. true 
b. false 
3. A parallel branch has 1.2 mA flowing. The other branch has 3.4 mA. The total current into 
the junction of these branches is 4.6 mA. 
a. true 
b. false 
4. If an open occurs in one branch of a parallel circuit, then the total current will increase. 
a. true 
b. false 
5. The total power dissipated in a' parallel circuit is the sum of the individual powers. 
a. true 
b. false 
6. A circuit of three parallel resistors, 1.2 kî2, 4.7 kA, and 6.8 k£2 is supplied with a 20-V 
source. What is the total resistance? 
a. 838 n 
b. 1200 Q 
c. 4700 £2 
± 6800 S2 
e. 12,700 Q 
7. Refer to the values of problem 6. The current through the 4.7-k£2 resistor is 
a. 16.7 mA 
b. 4.25 mA 
c. 2.94 mA 
d. 1.57 mA 
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Two resistors are in parallel, 1500 Si and 5000 £2. The total resistance of the circuit is 
a. 1500 a 
b. 5000 Û 
c. greater than 5000 £2 
d. less than 1500 S2 
A parallel circuit consisting of Kj = 100 £2, Eg = 500 Î2, and Ej has an S,- = 76.92 £2. Find 
the value of R,. 
a. 140 Q 
b. 1000 C 
c. 1850 £2 
d. There is not esou  ^data to compute. 
A parallel circuit consists of = 1.2 k£2 in parallel with Ej. = 5 fiA and Ig = 3 fjA. What 
is the value of V^? 
a. 6 mV 
b. 18 mV 
c. 3.6 mV 
d. 2.4 mV 
Three resistors are connected in parallel across 50 V. The values are 680 k£2, 0.047 M£3 and 
470 k£2. If the 0.047-M£2 resistor opens, the total current, will be 
a. 1.2 mA 
b. 555 (lA, 
c. 180 [lA, 
d. 790 M 
Six 1.2-M£2 resistors are connected in parallel across 12 V. What is the total resistance of 
the circuit? 
a. 1.2 M£2 
b. 250 k£2 
c. 200 k£2 
d. 120 k£2 
Three parallel branches have a total current of 45 ^ lA flowing into them. Ij = 15 nA and 
I; = 19 fiA. Find the current in the third branch. 
a. 34 ;iA 
b. 26 /iA 
c. 30 /iA 
d. 11 iiA 
As resistors are added in parallel to a circuit, 
a. It decreases and Ry increases. 
b. It decreases and E? decreases. 
c. It increases and Rj. decreases. 
d. It increases and Rj increases. 
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If a resistor in parallel opens, the total current will 
a. increase and the voltage will decrease. 
b. decrease and the voltage will be constant 
c. increase and the fuse will blow. 
d. ' decrease and the voltage will increase. 
The total power in a parallel circuit 
a. is the sum of the individual powers. 
b. is found by V/Lp 
c. is the sum of the individual powers minus the total power. 
d. is found by 
A circuit consists of three resistors in parallel, Rj = 4.7 k52, E, = 3.3 kiî, and E,. Ij. = 35 
and Vg = 50 V. Find 
a. 10.64 mA 
b. 15.15 mA 
c. 9.21 mA 
d. 4.72 mA 
680 mA flow into four parallel resistors. The currents through three of the resistors are 
95 mA, 400 mA, 19 mA. The current throu  ^the fourth resistor is 
a. 585 mA 
b. 280 mA 
c. 261 mA 
d. 166 mA 
Two resistors are in paralleL = 470 Î2 and = 330 £2. Find the value of By 
a. 770 Q 
b. 1108 S2 
c. 194 Î2 
d. 110 a 
House wiring of lamps are usually in parallel 
a. so they will draw less current 
b. because the resistance is hi^ er. 
c. so one lamp burnout will not affect the other lamps. 
d. because the power is greater than in a series circuit. 
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CHAPTER 6 QUIZ 
Student Name 
%. To avoid loading effects, a voltmeter should have a low internal resistance. 
a. true 
b. false 
K, 
•W, 
FIGURE 6-1 
2. See Figure 6-1. is in series with Rj. 
a. true 
b. false 
3. See Figure 6-1. R  ^is in series with the parallel combination R, and R,. 
a. true 
b. false 
4. Resistors are in parallel if th%r share the same current. 
a. true 
b. false 
5. In a combination circuit, the total resistance can be represented by one resistor of the 
correct value. 
a. true 
b. false 
6. See Figure 5-1. Resistor R  ^ is connected 
a. in series with R  ^
b. in series with Rj. 
c. in parallel with R .^ 
d. in parallel with Rj. 
e. None of these. 
7. See Figure 6-2. Rj and R  ^are connected 
a. in series with each other and R,. 
b. in series with each other, R  ^and Rj. 
c. in series with each other. 
d. in parallel with Rj. 
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8. See Figure 6-2. E, and B, are connected 
a. in series with eadi other and in parallel with B,. 
b. in parallel 
c. in series with 
d. in seriœ with 
9. See Figure 6-1. If = 4.7 kQ, B, = 3300 £2, and B, = 1000 £2, the total resistance of the 
circuit is 
. a. 5700 £2 
b. 5467 £2 
c. 4125 £2 
d. 660 £2 
10. See Figure 6-1 and the values in problem 9. If the source voltage is 50 V, calculate the 
total current. 
a. 8.8 mÂ 
b. 9.15 mA 
c. 12.1 mA 
d. 75.7 mA 
11. Befer to problem 10. The voltage drop across B, is 
a. 42.9 V 
b. 5.62 V 
c. 7.01 V 
d. 1.76 V 
12. See Figure 6-2. If all of the resistors are 33 k£2, the total resistance is 
a. 165 k£2 
b. 55 k£2 
c. 116.5 k£2 
d. 88k£2 
13. See Figure 6-2. If all of the resistors are 1000 £2 and the source voltage is 25 V, the voltage 
drop across B, is 
a. 6.25 V 
b. 43.75 V 
c. 18.75 V 
d. 25 V 
R.. 
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14. See Figure 6-1. If another resistor is placed in parallel with Rj, 
a. Vgi will decrease. 
b. V[52 will decrease. 
c. Ij will decrease. 
d. Ig will increase. 
15. See Figure 6-3. If Vgj = 12 V, find 
a. -12 V 
b. 12 V 
c. 24 V 
d. 36 V 
Alt resistoni = 10 kO 
FIGUSE 6-3 
16. See Figure 6-3. If V  ^ = 9.6 V, find Vgg. 
a. 9.6 V 
b. 4.8 V 
c. 19.2 V 
d. -19.2 V 
17. See Figure 6-2. If E, shorts, I, will 
a. increase. 
b. decrease. 
c. remain the same. 
18. See Figure 6-2. If R, opens, Vj^ , will 
a. increase. 
b. decrease. 
c. remain the same. 
19. See Fipire 6-2. If R, shorts, Vj^  will 
a. increase. 
b. decrease. 
c. remain the same. 
20. If a combination of four parallel 10-k£2 resistors were in series with a single 20-k£2 resistor, 
and one of the parallel combination resistors opened, the voltage across the other parallel 
resistors would 
a. increase. 
b. decrease. 
c. remain the same. 
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CHAPTER 8 QUIZ 
Student Name 
1. The period of a sine wave is the reciprocal of the frequency. 
a. true 
b. false 
2. The hi^ er the frequency of a sine wave, the longer the period. 
a. true 
b. false 
S. The peak value of a sine wave is larger in value the ims value. 
a. true 
b. false 
4. If an ac voltage is applied to a resistor, the current decreases as the voltage increases. 
a. true 
b. false 
5. Sine, square, and triangle waves are all forms of ae waves. 
a. . true 
b. false 
6. The formula for for a sine wave is 
a. V„x 0.707 
b. Vp s 0.707 
c. VpX 1.414 
d. V„ X 1.414 
7. The rms value of a sine wave voltage means 
a. the heating effect of a battery of the same voltage. 
b. the root mean square value. 
c. 
d. of these. 
8. A sine wave has a peak value of 169 V. 'What is the instantaneous value at an angl^ of 37°? 
a. 135 V 
b. 119 V 
c. 239 V 
d. 102 V 
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FIGUEE 8-1 
9. See Figure 8-1. The figure shows 
a. four complete cycles. 
b. four positive and four negative alternations. 
c. two complete 
•d. four positive alternations. 
e. four negative alternations. 
10. The number of lycles occurring in one second is called 
a. an alternation. 
b. revolutions per minute. 
c. alternating current. 
d. the Aequenqr. 
11. See Figure 8-1. The time from point B to point C is called 
a. an alternation. 
b. a cycle. 
c. the period. 
d. peak voltage. 
12. See Figure 8-1. The voltage value at point H represents 
a. rms voltage. 
b. p-p voltage. 
c. peak voltage. 
d. one cycle of voltage. 
13. See Figure 8-1. The rms voltage is seen at point 
a. J 
b. K 
c. F 
d. E 
14. See Figure 8-1, The time from points G to J is known as 
a. one cycle. 
b. one alternation. 
c. the rms value. 
d. V,. 
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0 
K, 
4.7 ko V. 
20 V 
! 1.5 kn 
FIGUEE 8-2 
15. See Figure 8-2. Find Vg,. 
a. 15.16 V„ 
b. 42.88 Vp 
c. 21.43 Vp 
d. 15.16 Vp 
16. See Figure 8-2. Find Ip.^ . 
a. 4.55 mA 
b. 3.22 mA 
c. 9.12 mA 
d. 6.44 mA 
17. See Figure 8-2. Find 1 ,^. 
a. 4.84 V 
b. 9.68 V 
c. 13.68 V 
d. 6.84 V 
18. The correct formula for finding the period (T) of a sine wave is 
a. T = 1/f 
b. f = 1/r 
c. T = 0.707f 
d. T= 1.414f 
19. Your scope is set up to measure a voltage, but the trace is a straight horizontal line. The 
problem could be 
a. there is no voltage to the circuit. 
b. the scope is connected to ground. 
c. the input scope switch is set to the ground position. 
d. any of these. 
20. A square wave consists of 
a. a fundamental and even harmonics. 
b. a fundamental and all harmonics. 
c. a fundamental and odd harmonics. 
d. even and odd harmonics only. 
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CHAPTER 9 QUIZ 
Student Name 
1. The measure of a capacitor's ability to store charge is called capacitance. 
a. true 
b. false 
2. A capacitor blocks ac and passes da 
a. true 
b. false 
3. If two capacitors are in series across a dc source, the largest capacitor has the largest 
voltage across it. 
a. true 
b. false 
4. If the area of the plates of a capacitor is increased, the capacitance increases. 
a. true 
b. false 
5. The time required for a capacitor to charge l%r 63.2% is called the time constant 
a. true 
b. false 
6. A capacitor has a charge of 2500 ftC and a voltage across it of 25 V. The capacitance is 
a. 0.01 ;iF 
b. 0.1 /iF 
c. 10 /cF 
d. 100 AiP 
7. A A.l-fiF capacitor has a voltage across it of 50 V. What charge is stored in the capacitor? 
a. 235 /xC 
b. 470 pC 
c. 23.5 ttC 
d. 2.35 fiC 
8. The dc -working voltage of a capacitor is 100 V. This means that the dielectric must be able 
to -withstand 
a. 100 V dc 
b. 100 
c. 200 V„ 
d. all of the above 
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Two equal value capacitors of 200 fiF pnrh are in parallel across 50 V. What is C, and the 
voltage across each capacitor? 
a. 100 /jF and 25 V 
b. 400 fiF and 50 V 
c. 400 fiF and 25 V 
d. 200 AtF and 50 V 
Three capacitors are in series. Cj = 100 ;iF, Cj = 100 fjF, and C, = 50 fiF. The source 
voltage is 75 V. What is the voltage across C,? 
a. 18.75 V 
b. 50 V 
c. 37.5 V 
d. 100 V 
A O.OOl'^ tF capacitor is in series with a lO-kO resistor. What is the circuit's time constant? 
a. 10 yis 
b. 100 /iS 
c. 0.1 s 
' d. Is 
A 0.047-/iF capacitor is in series with a 1-MÎ2 resistor. How long will it take to completely 
charge the capacitor? The supply voltage is 50 V. 
a. 0.047 s 
b. 0.029 s 
c. 0.235 s 
d. 0.47 s 
A 100 jL(P-capacitor is charged to 25 V. You attempt to discharge the capacitor through a 
22-kQ resistor. How long will it take to completely discharge? 
a. 2.2 s 
b. 4.4 s 
c. 11 s 
d. 132 s 
A 0.01-/iF capacitor is in series with a 2.2-k£2 resistor. A voltage of 30 V is applied when a 
switch is closed. What will the voltage across the capacitor be after one time constant? 
a. 29.4 V 
b. 28.50 V • 
c. 25.95 V 
d. 18.96 V 
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A 2.2-/iF capacitor with a 1-kHz ac voltage applied to it will have X .^ 
a. infinite 
b. zero 
c. 72.4 n 
d. 0.013 a 
A 159-pF capacitor has an Xj of 502 £2. "What is the operating frequency? 
a. 2 kHz 
b. 20 kHz 
c. 200 kHz 
d. 2000 kHz 
An ohmmeter is used to test the resistance of a capacitor. The reading in both directions 
0 Q. The capacitor is probably 
a. open. 
b. shortai. 
c. leaking. 
d. completely charged. 
If the frequency appli^  to a capacitor is increased, the capacitive reactance will 
a. increase. 
b. decrease. 
c. remain the same. 
d. vaiy up and down. 
A i7-fjF capacitor is connected to a 5-V 400-Hz source. The current will be 
a. 590 mA 
b. 1.69 mA 
c. 94 mA 
d. 188 mA 
A capacitor that will transfer an ac signal from one stage to another is called 
a. a bypass capacitor. 
b. a fîlter capacitor. 
c. a coupling capacitor. 
d. a transfer capacitor. 
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CHAPTER 10 QUIZ 
Student Name 
1. The total inductance of series inductors is the sum of all the inductances. 
a. true 
b. fklsa 
2. The energy stored in an inductor's electrostatic field is produced by the current. 
a. true 
b. false 
3. An inductor passes ac and opposes dc. 
a. true 
b. fblse 
4. Inductive reactance increases when the frequency is increased. 
a. true 
b. false 
5. In an inductive circuit, the current leads the voltage. 
a. true 
b. false 
6. Two 2.5-mH inductors are in series with a 4.7-k£2 resistor. The source voltage is 100 V. 
'What is the maximum current in this circuit? 
a. 21.3 mA 
b. 63.2 mA 
c. 1.1 mA 
d. 7.9 mA 
7. An inductor has a dc current flowing throu  ^it. The magnetic field 
a. is changing constantly. 
b. is collapsing. 
c. is said to move from south to north. 
d. is said to move fit>m north to south. 
8. If a coil of wire is wound on an iron rod, the magnetic field 
a. is weaker than if a paper tube were used as the core. 
b. is weaker than if the core were air. 
c. is stronger than a coil wound on a paper tube. 
d. will collapse. 
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A frequent of 10 kHz is applial to a coil with an inductance of 150 mH. What- is the 
inductive reactance? 
a. 1500 a 
b. 6280 £2 
c. 8450 £2 
d. 9420 a 
In an inductive circuit, the leads the . 
a. voltage, power 
b. current, voltage 
c. voltage, current 
d. power, current 
As frequency is increased, 
a. increases 
dL decreases 
c. remains the same 
d. changes up and down 
A 50-mH inductor has an of 5000 Q. "What is the applied frequency? 
a. 159 Hz 
b. 1590 Hz 
c. 15,923 Hz 
d. 159,235 Hz 
A 50-mH inductor is in series with a 5-k£2 resistor. 'What is the time constant? 
a. 10 ps 
b. 100 s 
c. 250 s 
d. 10 ms 
How many time constants does it take to completely build up a magnetic field around an 
inductor? 
a. one 
b. two 
c. four 
d. five 
A series inductor with an inductance of 10 mH and a winding resistance of 50 Q is applied 
to a 500-Hz source. 'What is the inductive reactance? 
a. 0.032 £2 
b. 31.4 £2 
c. 0.5 £2 • 
d. 31.4 k£2 
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16. A 40-mH inductor is in parallel with a 24-mH inductor. The total inductance is 
a. 64 mH 
b. 32 mH 
c. 15 mH 
d. 15.39 mH 
17. You think that an inductor is faully. You measure the resistance at 0 £2. The dc voltage 
across the coil measures zero. The probable fault, if any, is 
a. the coil is shorted. 
b. the coil is open. 
c. the coil is normal. 
d. the coil will work on ac. 
18. An inductor is placed in an ac circuit with a voltage of 20 V. The current is 250 mA, What 
is the inductive reactance? 
a. 0.0125 a 
b. 160 Si 
c. 80 £2 
d. Cannot be computed since no firequency is given 
19. If 50 V at a frequency of 5 kHz were measured across an inductor with an inductance of 
500 mH, what would be the current? 
a. 6.36 mA 
b. 3.18 mA 
c. 1.59 mA 
d. 0.08 mA 
20. A coil of wire is carrying a dc current of 50 mA. The X[, of the coil at 60 Hz is 400 SÎ. The 
voltage across the coil is 25 V. What is the resistance of the coil? 
a. 500 a 
b. 400 £2 
c. 16 Q 
d. 20 £2 
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CHAPTER 11 QUIZ 
Student Name 
1. The number of turns in the primary and secondary determines the turns ratio. 
a. true 
b. false 
2. Maximum power is moved from the secondary to the primary when the source resistance 
equal to the load resistance. 
a. true 
b. false 
3. A transformer with a turns ratio of 0.5 is a step-up transformer. 
a. true 
b. false 
4. The core materials of transformers are often laminated iron or air. 
a. true 
b. false 
5. Transformers are efSdent devices. 
a. true 
b. false 
6. A step-down transformer will decrease and increase . 
a. resistance, power 
b. current, voltage 
c. voltage, current 
d. power, current 
7. - The loss in a transformer due to the changing magnetic field is called 
a. eddy current loss. 
b. hysteresis loss. 
c. 1% loss. 
d. flux leakage loss. 
8. A step-up transformer will increase and decrease . 
a. voltage, impedance 
b. voltage, power 
c. current, impedance 
d. power, current 
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9. The loss in a transformer due to currents flowing in the core is called 
a. hysteresis loss. 
b. winding loss. 
c. flux leakage loss. 
' d. eddy current loss. 
10. To transfer the most power from the source to the load, 
a. the source resistance must be larger than the load resistance. 
b. the load resistance must eqpial the power loss. 
c. the source resistance must equal the load resistance. 
d. the power in the primaiy and secondaiy must be equal 
1 
i 
FIGU^ 11-1 
11. See Figure 11-1. There are five times as many turns in the secondaiy as the primaiy. "What 
is the secondary voltage, V,? 
eu 24 V 
b. 240 V 
c. 560 V 
d. 600 V 
12. See Figure 11-1. If the ratio of primaiy-to-secondaiy turns is 4.5:1, what is the output 
voltage, V,? 
a. 540 V 
b. 26.67 V 
c. 5.92 V 
d. 4.72 V 
13. See Figure 11-1. If the primaiy-to-secondaiy turns ratio is 4:1, and a load resistor of 50 £2 
is in the secondary, what is the secondaiy current? 
a. 1.66 A 
b. 600 mA 
c. 9.6 A 
d. 4.8 A 
14. See Figure 11-1. The primaiy-to-secondaiy turns ratio is 4:1 and I, = 40 mA. What is the 
primaiy current? 
a. 160 mA 
b. 40 mA 
c. 10 mA 
d. 4 mA 
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15. See Figure 11-1. The primary-to-secondaiy turns ratio is 4:1 and I, = 40 mA. What is the 
reflected resistance seen ly the primaiy? 
a. 4 kQ 
b. 8 kQ 
c. 12k£2 
d. 16 kn 
16. What ratio would transform 100 V into 40 V? 
a. 40:100 
b. 4:1 
c. 400:1000 
d. 2.5:1 
17. The primary-to-secondaiy turns ratio is 60:5 and the primary voltage and current is 120 V 
and 75 mA. What is the primary power? 
a. 0.75 W 
b. 1.25 W 
c. 9W 
d. 9.6 W 
13. A transformer measures full voltage across the primary terminals but there is no voltage 
delivered to the load. The trouble might be 
a. a short across the secondary. 
b. an open primary. 
c. a shorted primary. 
d. an open transformer core. 
19. You desire to Tna+rh a 300-ohm load to a 75-ohm source. What would be the primary-to-
secondary turns ratio of the transformer? -
a. 1:2 
b. 2:1 
c. 1:4 
d. 4:1 
20. You have a need to isolate two circuits with no change of voltage. You would use 
a/an transformer with a turns ratio of . 
a. step-up, 2:1 
b. step-down, 1:1 
c. step-up, 1:1 
d. isolation, 1:1 
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CHAPTER 12 QUIZ 
Student Name 
1. "When a sine wave is applied to an EC circuit, the current and all the voltage drops are also 
sine waves. 
a. true 
b. false 
2. The current in an EC series circuit always lags the source voltage. 
a. true 
b. false ' 
3. The phassr combination of true power and reactive power is called apparent power. 
a. true 
b. false 
4. A filter blocks certain frequencies and passes others. 
a. true 
b. false 
5. The phase angle of a series EC circuit varies directly with frequency. 
a. true 
b. false 
6. See Figure 12-1. Calculate for the total impedance. 
a. 418 S3 
b. 520 Q 
c. 280 Q 
d. 120(2 
-Vr 
120 fi R 
20 V 400 n 
FIGUEE 12-1 
See Figure 12-1. Calculate the phase angle. 
a. 73.3' 
b. 17.5» 
c. 16.7" 
d. 72.5» 
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S. See Figure 12-1. Calculate the voltage drop across the capacitor. 
a. 19.14 V 
b. 16.7 V 
c. 20 V 
d. 5.75 V 
9. See Figure 12-1. Calculate the true power. 
a. 275 mW 
b. 916 mW 
e. 956 mW 
d. 1002 mW 
10. See Figure 12-1. Calculate the apparent power. 
a. 0.874 VA 
b. 0.916 VA 
c. 0.957 VA 
d. 0.989 VA 
20 V i^ ] 
/= I kHz^ 
0.47 H.F : 
I kn 
-VA 
FIGURE 12-2 
11. See Figure 12-2. Find the current throu  ^the capacitor. 
a. 20 loA 
b. 62 mA 
c. 321 mA 
d. 59 mA 
12. See Figure 12-2. Find the total impedance. 
a. 1000 £2 
b. 880 £2 
c. 321 Q 
d. 62 £2 
13. See Figure 12-2. Find the phase angle. 
a. 18.7' 
b. 71.3" 
c. 14.7° 
d. 3.2® 
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14. See Figure 12-2. Find the apparent power. 
a. 1.18 VA 
b. 0.4 VA 
c. 1.246 VA 
d. 0.95 VA 
15. See Figure 12-2. What is the power factor? 
a. 0.947 
b. 0.321 
c. 0.338 
d. 2.95 
16. See Figure 12-1. If the frequency is increased, the phase angle will and the 
impedance will . 
a. decrease, increase 
b. increase, decrease 
c. decrease, decrease 
d. increase, increase 
17. See Figure 12-2. If the frequency is decreased, the total current will and the total 
impedance will . 
a. decrease, increase 
b. increase, decrease 
c. decrease, decrease 
d. increase, increase 
18. See Figure 12-1. If the output were across the resistor, the circuit would be known as a 
a. low-pass filter. 
b. hi^ -pass filter. 
c. band-pass filter. 
d. band-reject filter. 
FIGUSE 12-3 
19. See Figure 12-3. The cutoff frequency is 
a. 6250 Hz 
b. 99 Hz 
c. 480 Hz 
d. 995 Hz 
-o 
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See Figure 12-3. If the input voltage were 17 V, what would the voltage be across 
capacitor at the cutoff frequency? 
a. OV 
b. 8V 
c. 12 V 
d. 17 V 
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CHAPTER 13 QUIZ 
Student Name 
X. Total current in an RL circuit always leads the source voltage. 
a. true 
b. false 
2. A low-pass filter passes low frequencies and blocks other frequencies. 
a. true 
b. false 
3. The impedance of an RL circuit varies directly with frequency. 
a. true 
b. false 
4. In a filter circuit using RL components, an increase in the value of R will increase the 
cutoff frequency. 
a. true 
b. false 
5. The impedance of a parallel RL circuit is found by adding to R. 
a. true 
b. false 
Xl 
10 V 5011 
FIGURE 13-1 
6. See Figure 13-1. Find the impedance. 
a. 104 0 
b. 112 £2 
c. 1120 
d. 1040 £2 
7. See Figure 13-1. Find the phase angle. 
a. 26.6" 
b. 0.034° 
c. 63.4' 
d. 45' 
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8. See Figure 13-1. Find the voltage across the inductor. 
a. 0.4 V 
b. 0.894 V 
c. 4.47 V 
d. 8.94 V 
9. See Figure 13-1. Find the true power. 
a. 400 mW 
b. 0.894 W 
c. 0.8 W 
d. 112 mW 
10. See Figure 13-1. Find the apparent power. 
a. 0.4 VA 
b. 0.8 VA 
c. 8.94 VA 
d. 0.894 VA 
FIGUEE 13-2 
11. See Figure 13-2. Find the current through the inductor. 
a. 5.71 mA 
b. 0.182 mA 
c. 9.09 mA 
d. 2.15 mA 
12. See Figure 13-2. Find the total impedance. 
a. 10.74 kn 
b. 9.09 kQ 
c. 5.71 kSÎ 
d. 1.86 kn 
13. See Figure 13-2. Find the phase angle. 
a. 32.15" 
b. 57.85" 
c. 45° 
d. 53.2° 
14. See Figure 13-2. Find the apparent power. 
a. 0.182 VA 
b. 0.532 VA 
c. 1.86 VA 
d. 0.215 VA 
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15. See Figure 13-2. Find the power factor. 
a. 0.707 
b. 0.846 
c. 0.532 
d. 0.599 
16. See Figure 13-1. If the frequency is increased, the phase angle will and the 
impedance will _. 
a. decrease, increase 
b. increase, decrease 
c. decrease, decrease 
d. increase, increase 
17. See Figure 13-2. If the ârsquency is decreased, the total current will and the total 
impedance will . 
a. decrease, increase 
b. increase, decrease 
c. decrease, decrease 
d. increase, increase 
18. See Figure 13-1. If the output were across the resistor, the circuit would be known as a 
a. low-pass filter. 
b. hi^ -pass filter. 
c. band-pass filter. 
d. band-reject filter. 
L 
lOH K 
HGimE 13-3 
19. See Figure 13-3. Find the cutoff frequency. 
a. 2.5 MHz 
b. 637 Hz 
c. 1.2 MHz 
d. 408 Hz 
20. See Figure 13-3. If the input •voltage were 21 V, find the output voltage at the cutoff 
frequency. 
a. OV 
b. 6.15 V 
c. 14.85 V 
d. 21V 
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CHAPTER 14 QUIZ 
Student Name 
1. The total reactance of a series RLC circuit at resonance is zero. 
a. true 
b. false 
2. At resonance, a series RLC circuit is capacitive. 
a. true 
b. false 
3. If an RLC circuit is resonant, usually 
a. true 
b. false 
4. The bandwidth of a resonant circuit varies directly with Q: As Q increases, the bandwidth 
increases. 
a. true 
b. false 
5. A parallel resonant circuit has maximum impedance and minimum line current. 
a. true 
b. false 
V, = 6 V 
HGURE 14-1 
6. See Figure 14-1. Find the impedance of this circuit 
a. 50 £2 
b. 75 n 
c. 56 n 
d. 25 n 
7. See Figure 14-1. If the frequency of the source voltage is decreased a little, the impedance 
will and the phase angle will . 
a. increase, increase 
b. decrease, decrease 
c. increase, decrease 
d. decrease, increase 
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8. See Figure 14-1. Find the current. 
a. 107 mA 
b. 240 mA 
c. 120 mA 
d. 60 mA 
50 V 
FIGURE 14-2 
9. See Figure 14-2. At resonance the current will be 
a. 10 A 
b. 10 mA 
e. 1.66 A 
d. 1.66 mA 
10. See Figure 14-2. The voltage across the resistor at resonance is 
a. 49.8 V 
b. 49.8 mV 
c. 50 mV 
d. 50 V 
11. See Figure 14-2. At resonance, the voltage across the capacitor is 
a. 300 mV 
b. 300 V 
c. 30 V 
d. 3V 
12. In a resonant parallel SLC circuit, the impedance is and the total current is 
a. maximum, maximum 
b. minimum, minimum 
c. maximum, minimum 
d. minimum, maximum 
13. A resonant circuit with a high Q means that it 
a. has a narrow pass band. 
b. tunes broadly. 
c. has a small voltage across the capacitor. 
d. has a wide pass band. 
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The resonant frequency of a tank circuit with L = 150 /iK and with C = 300 pF is 
a. 1.65 MHz 
b. 751 kHz 
c. 347 kHz 
d. 6.05 MHz 
'What is the bandwidth of a circuit resonant at 500 kHz, if = 2.5 kCZ and the coil 
resistance is 25 £2? 
a. 100 Hz 
b. 1000 Hz 
c. 2.5 kHz 
d. 5 kHz 
A circuit is resonant at 1 MHz. If Q = 50, then f, = and f, = . 
a. 0.98 MHz, 1.01 MHz 
b. 0.99 MHz, 1.02 MHz 
c. 0.99 MHz, 1.01 MHz 
d. 0.98 MHZ, 1.02 MHz 
The impedance of a parallel resonant circuit is 50 k£2. The impedance of the circuit at the 
lower cutoff frequency is 
a. 385 kn 
b. . 35.35 k£2 
e. 35.35 kHz 
d. Unable to be computed, since there is not enough data. 
The input voltage to a series resonant circuit is 120 mV. The output voltage across the 
inductor is 12.7 V. What is the voltage ratio of y, to expressed in decibels? 
a. 105.8 dB 
fa. 20.2 dB 
c. 40.4 dB 
d. -19.5 dB 
A resonant circuit is delivering 50 W of power. The power at the upper cutoff frequenty is 
a. 25 W 
b. 35.35 W 
c. 50 W 
d. 70.7 W 
A parallel resonant circuit has an X, of 502 £2. The source voltage is 25 V at a frequency of 
14.9 MHz and Q = 55. "What is the tank current? 
a. 270 mA 
b. 49.8 mA 
c. 9.12 mA 
d. 20.08 mA 
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CHAPTER 15 QUIZ 
Student Name 
1. In an RC integrating circuit, the output is taken across the resistor. 
a. true 
b. false 
2. In an integrator, when the pulse width of the input is much greater than 5x, the output 
approaches the shape of the input. 
a. true 
b. false 
3. In an BL integrating circuit, the output is taken across the resistor. 
a. true 
b. false 
4. It takes a capacitor one time constant to completely charge. 
a. true 
b. false 
5. An RC differentiating circuit has the output taken &om across the capacitor. 
a. true 
b. false 
6. An integrating circuit has R = 4.7 k£2 in series with C = 0.005 fiF. What is the time 
constant? 
a. 23.5 fis 
b. 2.35 ms 
c. 0.0235 ms 
d. 0.00235 ms 
7. An integrating circuit has R = 100 kS2 and C = 22 /iF. What is the time constant? 
a. 2.2 vos 
b. 2.2 pa 
c. 2.2 s 
d. 22 s 
8. A 5.1-MS2 resistor is in series with a 100-pF capacitor. How long will it take to completely 
charge the capacitor? 
a. 25.5 s 
b. 2.55 s 
c. 255 ms 
d. 2.55 ms 
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9. A 100-jttF capacitor is charged to 75 V. You discharge it throu  ^a 47-k£2 resistor. How long 
will it take to completely discharge? 
a. 4.7 s 
b. 23.5 s 
c. 47.6 s 
d. 75 s 
10. A 12-V pulse is applied to an EC integrator. The pulse width equals one time constant. 
'What will the voltage across the capacitor be at the end of the pulse? 
a. 4.41 V 
b. 12 V 
c. 7.58 V • 
d. 0 V 
11. An BC integrator circuit has a C = 0.05 fjF and R = 22 kO. A single pulse of 12 V is applied. 
to the circuit. The pulse width is 2.2 ms. Determine the capacitor voltage at the end of the 
pulse. 
a. 10.38 V 
b. 12 V 
c. 7.58 V 
d. 4.42 V 
12. An HC integrator has C = 47 fjF and H = 12 k£2. A square wave input with a frequent of 
200 kHz is applied. The approximate output of the circuit is 
a. a square wave with a frequency of 100 kHz. 
b. OV. 
c. a square wave with a frequency of 200 kHz. 
d. a near dc voltage of fibout half the peak square wave voltage. 
13. An EC differentiator circuit has C = 47 juP and R = 12 k£2. The input signal is a square 
wave with a veiy short pulse width compared to the time constant. The output signal will 
be 
d. 
b. 
a. 
c. 
a dc value of about half the peak input voltage, 
a square wave very similar to the input voltage, 
a dc voltage level equal to the peak input voltage, 
zero volts. 
14. An EL integrator has the output taken 
a. across, resistor 
b. across, inductor 
c. across, resistor and inductor 
d. in parallel with, inductor 
the 
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15. You want to fully charge a 2Q0-iiF capacitor in 12 s. What size resistor should you use? 
a. 60 ka 
b. 12 ka 
c. 6 kS2 
d. 1.2 kn 
16. A Al'ftP capacitor is in series with a 12-k£2 resistor. A pulse of 12 V is applied for 2.256 s. 
What is the voltage across the capacitor? 
a. 7.58 V 
b. 10.38 V 
c. 11.4 V 
d. 12 V 
17. An EL integrator circuit has L = 10 nsH and R = 10 £2. A pulse with a peak voltage of 16 V 
is applied for 1 ms. What is the output voltage? 
a. 10.11 V 
b. 13.84 V 
c. 15.2 V 
d. 16.32 V 
18. An EL integrator has E = 25 Q and L = 200 ;iH. A pulse with a peak voltage of 25 V is 
applied for 16 ps. What is the output voltage? 
a. 15.63 V 
b. 21.63 V 
c. 23.75 V 
d. 25 V 
19. You decide to compare an EC integrator to an EL integrator. You put the same square 
wave signal into both circuits. The results 
a. indicate opposite action. 
b. indicate a hi^ er voltage out from the EC integrator. 
c. indicate a hi^ er voltage out from the EL integrator. 
d. indicate the exact same output £rom both circuits. 
20. An EC integrator circuit can be used for 
a. obtaining good dc output. 
b. wave-shaping input waveforms. 
c. timing circuits with pulse inputs. 
d. all of the above. 
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10/8/92 & 10/9/92 
Saeid Moslehpour 
I£DT 140 Basic Electronics 
MIDTERM 
Name 
Read each question carefully before you answer. Work at a steady pace, 
and you should have ample time to finish. Make sure your name is on 
your paper before you turn it in. 
1. 0.0047 amps can be expressed in metric units as 47 f iA.  
a. True b. False 
2. The symbol ti is an abbreviation for 10~6 or micro. 
a. True b. False 
3. 0.00015 volts can be expressed in powers of ten as 1.5x10"^. 
a. True b. False 
4. Express 5.6X10~2 in milli, basic units, and micro. 
a. 5.6 milli 0.056 56000 
b. 56 milli 0.056 56000 
c. 560 milli 5.6 00 5600 
d. 5600 milli 56 560 
5. You have just calculated an answer for a problem. Your calculator 
reads 3.5-06. The correct metric value is 
a. 35 milli d. 3.5 micro 
b. 35 micro e. 3.5 pico 
c. 3.5 Meg 
' 6. A device that stores energy electromagnetically is 
a. a capacitor c. a transistor 
b. an inductor d. a diode 
7. An electronic device that stores electric charge is 
a. a transformer d. an inductor 
b. a capacitor e. a semiconductor 
c. a resistor 
8. An electronic device that resists the flow of current in a circuit 
is known as 
a. a capacitor c. a resistor 
b. an inductor d. a transformer 
9. A typical semiconductor device is 
a. the transformer. c. the resistor. 
b. the diode. d. the capacitor. 
10. An electrical symbol for voltage is 
a. I c. C 
b. V d. R 
11. A normally open push button switch could have current through it 
when not being pushed. 
a. True b. False 
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12. A resistor color coded with bands of yellow, violet, and orange has 
a value of 4.7 3clî. 
a. True b. False^ 
13- A SPST switch is used to control one circuit. 
a. True b. False 
Please refer to Figure 2-2 below: 
:*• 
1 à 
H 
K, 
1—wv 
14. See figure 2-2. To measure the current that flows through R6, the 
circuit must be opened and the ammeter placed at point 
a. £ c. G 
b. F d. H 
15. See figure 2-2. 
a. Vr5 
b. VR6 
16. See figure 2-2. 
a. Vr6 
b- Vr7 
17. See figure 2-2. 
read 
a. Vri 
b. Vr2 
18. See figure 2-2. 
a. Vr5 
b. Vr3 + VR4 
The measured voltage Vjjj is the same as 
The measured voltage Vpg is the same as 
9- 7R8 
d. Vr9 
Voltmeter leads placed across points C and D will 
c. Vr3 
d. Vr4 
The measured voltage Vqe is the same as 
c. Vr4 + Vr5 
d. Vr6 
19. An analog meter has 
a. a digital readout. 
b. a needle and a scale to indicate the value. 
c. no moving parts. 
20. An analog ohmeter should 
a. be connected across a circuit with the power on. 
b. be inserted into the circuit so the current flows through it. 
c. placed across the resistance after the resistance is opened. 
d. have the polarity carefully checked before its use. 
21. A circuit has a supply voltage of 15 V. 
The current is 313 mA. 
a- True b. False 
The resistance is 4700 n. 
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22. A 1 Jclî resistor has 32 mA flowing through it. 
dissipating 1.024 W. 
a. True b. False 
The resistor is 
23. A 47 kn resistor has 5 mA flowing through it. 
resistor with a power rating of 1 W. 
a. True b. False 
It is OK to use a 
Please refer to Figure 3-1 below: 
24. See figure 3-1. 
a. 50 mA 
b. 5 mA 
25. See figure 3-1. 
a. 30.08 V 
b. 3.008 V 
26. See figure 3-1. 
. a. 1-275 n 
b. 52.3 n 
27. See figure 3-1. 
the resistor is 
a. 1.85 W 
b. 1.35 W 
If V = 50 V, and R = 25 kn, the current equals 
c. 0.5 mA 
d. 2 mA 
If I = 64 mA, and R = 47 n, the voltage equals 
c. 73.43 V 
d. 7.343 V 
If V = 85 V, and I = 15 mA, the resistance equals 
c. 5.667 kn 
d. 566 n 
If V = 50 V, and I = 37 mA, the power dissipated by 
c. 
d. 
0.185 mW 
135 mW 
28. A 150 W lightbulb has a resistance measurement of 75 n when out of 
the circuit. What is the resistance of the bulb when it is 
energized and in a circuit with a supply, of 125 V? 
a. 75 n c. 9375 n 
b. 104 n d. 2.14 n 
29. Which is the correct formula for finding power? 
a. P = VI c. P = V2/R 
b. P = i2r d. all of these 
30. A resistor color coded red, red, brown, and silver is connected to a 
15 V source. If the resistor is within tolerance, what is the 
maximum current that will flow? 
a. 75.8 mA c. 64.9 mA 
b. 62 mA d. 71.9 mA 
31. Three resistors, 4.7 kO, 2.2 kn, and 1.2 kn are in series. The 
total resistance is 8.7 kn. 
a. True b. False 
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32. A resistor is rated at 1/2 W. This resistor can safely dissipate 
0.325 W. 
a. True b. Fals^ 
33. The total power dissipated in a series circuit is equal to the 
source voltage multiplied by the current. 
a. True b. False 
Please refer to Figure 4-1 below: 
34. See figure 4-1. = 4.7 kn, = 10 V, R2 = 4.7 kn, and R3 = 
4.7 kn. Calculate the voltage drops across R2 and R3. 
a. Vr2 = 10 V Vr3 = 10 V 
b. Vr2 = 4.7 V Vr3 = 10 V 
c. Vt>2 = 10 V Vr3 = 4.7 V 
d. Vr2 = 14.7 V Vr3 = 14.7 V 
35. See figure 4-1. Rj = 4.7 kîï, Vjji = 10 V, R2 = 4.7 kO, and R3 = 
4.7 kn. Calculate the circuit current. 
a. 1 mA c. 4.26 mA 
b. 2.13 mA ' d. 6 mA 
36. See figure 4-1. Rj = 4.7 kn, Vrt = 10 V, R2 = 4.7 kn, and R3 = 
4.7 kn. Calculate the source voltage. 
a. 4.7 V c. 14.7 V 
b. 10 V d. 30 V 
37. See figure 4-1. If R2 shorts, the total power dissipated in the 
circuit will 
a. increase. 
b. decrease. 
c. remain the same. 
d. be dependent upon the source voltage. 
38. See figure 4-1. Rj = 4.7 kn, Vri = 10 V, R2 = 4.7 kn, and R3 = 
4.7 kn. The total circuit resistance if Rg shorts is 
a. 0 n c. 9.4 kn 
b. 4.7 kn d. infinite n 
39. Two power supplies are in series with voltages of 18 V and - 6 V 
respectively. What is the total supply voltage? 
a. -12 V c. 18 V 
b. 6 V d. 12 V 
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40. Two sources, -12 V and -6 V are connected so the total voltage is 
-18 V. These sources are said to be 
a. series aiding. c. in parallel. 
b. series opposing. d. dangerous to connect. 
41. Three equal resistors are connected in parallel. The source voltage 
is 12 V. The voltage across each resistor is 4 V. 
a. True b. False 
42. A parallel branch has 0.065 flowing and the other branch has 
0.098 mA flowing. The total current is 0.163 mA. 
a. True b. False 
43. Two resistors are in parallel. One is dissipating 0.25 W and the 
other is dissipating 1.2 W. The total power dissipated is 1.25 W. 
a. True b. False 
44. Three resistors are connected in parallel. The values are 2.2 kîl, 
10 kn, and 1.2 kïï. What is Rj? 
a. 721 n c. 2.27 kn 
b. 13.4 kn d- 1.2 kn 
45. Three resistors, 470 n, 680 n, and 830 n are connected in parallel. 
That is Rx? 
a. 1980 n c- 1150 n 
b. 1510 n d. 208 n 
46. Two resistors are in parallel, 4.7 kn and 2.2 kn. The total 
resistance of the circuit is 
a. 2200 n c. greater than 2200 n 
b. 4700 n d. less than 2200 n 
47. A parallel circuit consists of Ri•= 1.2 Mn, R? = 1 Mn, and R3. If 
Rçj = 0.5 Mn, find R3. 
a. 6 Mn c. 2 Mn 
b. 1.7 Mn d. 7.7 Mn 
48. Three resistors are connected in parallel across a source of 15 V. 
The values are 5.2 Mn, 1.2 Mn, and 1 Mn. If the 1.2 Mn resistor 
opens, the total current will be 
a. 2.88 fiA C. 12.5 ffA 
b. 17.88 iiA d. 2.41 /iA 
49. Eight 47 kn resistors are connected in parallel across 25 V. What is 
Rt? 
a. 376 kn c. 5.875 kn 
b. 6.71 kn d. 4.7 kn 
50. A circuit with three resistors in parallel has a total current of 
1.2 mA. If II = 0.2 mA, and I2 = 0.7 mA, find I3. 
a. 2.4 mA c. 7.2 mA 
b. 0.3 mA d. 8.7 mA 
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Please refer Figure 6.1 below; 
Ri 
-Wr 
R,: 
51. See figure 6-1. R2 is in parallel with R3. 
a. True b. False 
52. • See figure 6-1. R^ is in series with R3. 
a. True b. False 
53. See figure 6-1. Ri is in series with the parallel combination R2 
and R3. 
a. True b. False 
Please refer to Figure 6-2 below: 
54. See figure 6-2. If all of the resistors have a value of 2.2 kîî, 
find Rt-
a. 5.87 kn c. 4.4 kH 
b. 5.5 kn d. 2.2 kn 
55. See figure 6-2. If all of the resistors equal 2.2 kîî and the source 
voltage is 15 V, find Ir2* 
a. 2.55 mA c. 0.85 mA 
b. 5.11 mA d. 0.42 mA 
56. See figure 6-2. Ri, R2, and R3 equal 4.7 kîî. R4 and R5 equal 
10 kn. Find Rj. 
a. 6.1 kn c. 24.7 kn 
b. 18.3 kn d. 34.1 kn 
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Please refer to Figure 6-3 below: 
-A. B C 0  ^
—V/v Wv VW 
All resisiore 10 kn 
57. See figure 6-3. The resistance between points A and D is 
a. 10 kn 
b. 20 kn 
58. See figure 6-3. 
a. 60 V 
b. 45 V 
59- See figure 6-3. 
a. 5 V 
b. 25 V 
60. See figure 6-3. 
I % v  
b. 10 V 
c. 20 V 
c. 30 Ml 
d. 40 kn 
If Vri = 15 V, find Vbd-
c. 30 V 
d. 15 V 
If the source voltage equals 50 V, find VcA-
c. -5 V 
d. -25 V 
If the source voltage is 40 V and R3 opens, find 
d. 30 V 
e. 40 V 
61. See figure 6-3. If another 10 kfl resistor were placed in series 
with Ri, the voltage across R4 would 
a. increase c. remain the same 
b. decrease d. increase to 10 V 
62. See figure 6-3. The current is measured at 12 mA 
a. 120 V C. -240 V 
b. -360 V d. 240 V 
63. See figure 6-3. The measured current is 1.2 mA. 
dissipated in the circuit. 
Find Vgg. 
Find the power 
a. 0.576 mW 
b. 5.76 mW 
64. See figure 6-3. 
a. 1.7 mW 
b. 28.9 mW 
c. 57.6 mW 
d. 576 mW 
Vr3 = 17 V, find Pi. 
c. 2.89 W 
d. 17 mW 
65. See figure 6-2. If R2 shorts, Vr3 will 
a. increase 
b. decrease 
c. remain the same 
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66. See figure 6-1. If Ri = 10 kll, R2 = 15 Wî, and R3 = 50 kn, find 
R .^ 
a. 21.5 kn c. 10 kn 
b. 11.5 kO d. 9.5 kn 
67. Soft iron has a high 
a, Tntnf c. resistance 
b. permeability d. reactance 
68. Magnetic lines that are close to each other are said to have a high 
a. reluctance. c. flux density. 
b. inductance. d. current. 
69. The permeability of air is said to be 
a. 1 c. 19.2 
b. 7 d. 22 
70. A solenoid consists of 
a. two plates separated by an insulator. 
b. a burglar alarm. 
c. a coil of wire wound around a core. 
d. a permanent magnet. 
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Saeid Moslehpour 
Basic Electronics IEDT140 
Final Examination 
Name 
Read each question carefully before you answer. Work at a steady pace, 
and you should have ample time to finish. Make sure your name is on 
your paper before you turn it in. 
1. An electronic device that stores electric charge is 
a. a transformer d. an inductor 
b. a capacitor e. a semiconductor 
c. a résister 
2. You have jvist calculated an answer for a problem. Your calculator 
reads 3.5-06. The correct metric value is 
a. 35 milli d. 3.5 micro 
b. 35 micro e. 3.5 pico 
c. 3.5 Meg 
3. Express 5.6x10*2 in milli, basic units, and micro. 
a. 5.6 milli 0.056 56000 
b. 56 milli 0.056 56000 
c. 560 milli 5.6 00 5600 
d. 5600 milli 56 560 
Please refer to Figure 2-1 below: 
-oTo I 
(a) 
O-Ui 
(b) 
-aJ-a-
(c) (d) (e) 
4. See figure 2-1. Identify the dpdt switch. 
a. A d. D 
b. B e. E 
c. C 
5. See figure 2-1. Which switch could be used to control a light and a 
fan at the same time? 
a. A d. 0 
b. B e. E 
c. C 
6. See figure 2-1. Which switch could be used to switch two inputs to 
to different output positions? 
a. A d. D 
b. B e. E 
c. C 
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7. See figure 2-1. Which switch could be used to open a circuit 
momentarily? 
a. A d. D 
b. B e. E 
c. C 
Please refer to Figure 3-1 below: 
8. See figure 3-1. If V = 60 V and R = 47 kfl , then the current equals 
a. 1.27 mA c. 127 mA 
b. 12.7 mA d. .127 mA 
9. See figure 3-1. If a resistor with a power rating of 1/2 W is used 
in this circuit, the current must be 
a. over 12 mA. 
b. less than 12 mA. 
c. dependent upon the voltage applied. 
d. dependent upon the voltage and the value of the resistor in the 
circuit. 
10. See figure 3-1. If the voltage were suddenly switched on, 
a. the current would gradually decrease. 
b. the current would be zero. 
c. the current would flow. 
d. the current would gradually decrease and then increase. 
11. See figure 3-1. If I = 27 mA, and R = 4.7 £2, the voltage would 
equal 
a. 127 mV c. 174 mV 
b. 5,74 V d. 7.8 V 
12. Two resistors are in series. Ri = 10 kn and R2 — 5 kSÏ. A source 
voltage of 12 V is applied. Vri will be , and Vr2 
will be • . 
a. 8 V, 4 V c. 8 V, 8 V 
b. 4 V, 8 V d. 4 V, 4 V 
13. A series circuit with four resistors connected across a 30 V source 
has a current of 0.125 mA flowing through it. Three of the 
resistors have values of 10 kfl, 33 kSi, and 47 kfl. What is the value 
of the fourth resistor? 
a. 150 Î2 c. 15 kfi 
b. 1.5 kS d. 150 kfi 
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14. 
15. 
Tl'ie polarity of voltages across a resistor is dependent on the 
current direction. The resistor end where current leaves is said to 
be , and the other end is 
a. positive, positive 
b. negative, negative 
c. negative, positive 
d. positive, negative 
A 50 kfi potentiometer is connected across 15 V, The voltage from 
the wiper to the lower end of the pot is 3.2 V. What is the 
resistance of the lower part of the potentiometer? 
a. 10.67 kfi c. 50 kS2 
b. 39.3 ka d. 0 a 
16. The power dissipated in any branch of a parallel circuit is 
a. dependent on the power rating of the resistor. 
b. only dependent on the circuit voltage. 
c. only dependent on the total current. 
d. dependent on the voltage and value of the resistor. 
17. You have a four-resistor parallel circuit. If you want to measure 
the current through one of the parallel resistors with a DVM, the 
meter is connected 
a. in series with the resistor. 
b. across the source. 
c. in parallel with the resistor. 
d. in series with the source. 
18. A parallel circuit consists of Rj * 10 kfl and R2« The value of 
Rt is 6.8 kn. Find R2. 
a. 16.8 kQ c. 21.25 kfl 
b. 3.2 3cQ d. 12 kO 
19. As resistors are removed from a parallel circuit, 
a. decreases and R^ increases. 
b. decreases and R^ decreases. 
c. It increases and Rj decreases. 
d. 1^ increases and R^ increases. 
Please refer to Figure 6-2 below; 
Rt R, 
—Wv Wr 
A,: 
20. See figure 6-2. If R2 shorts, Vr3 will 
a. increase 
b. decrease 
c. remain the same 
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Please refer to Figure 6.1 below: 
A, 
21. See figure 6-1. If Ri = 10 kfl, R2 — 15 kSt, and R3 = 50 k£2, find 
R .^ 
a. 21.5 kn a. 10 kG 
b. 11.5 kQ d. 9.5 kS 
22. See figure 6-1. If Ri = 10 kft, R2 = 15 kn, and R3 = 50 kS2, and 
the source voltage equals 25 V, calculate the total current. 
a. 2.17 mA c. 1.58 mA 
b. 2.5 mA d. 1.16 mA 
23. If a combination of four parallel 10 kQ resistors were in series 
with a single 20 kS resistor, and one of the parallel combination 
resistors shorted, the voltage across the other parallel resistors 
would 
a. increase. 
b. decrease. 
c. remain the same. 
24. A simple electric door bell probably uses to ring the 
bell. 
a. a vacuum tube c. an electromagnet 
b. a relay d. a permanent magnet 
25. A relay is a device that 
a. uses an electromagnet to open and close contacts. 
b. can be very small or very large. 
c. that has a coil to actuate some contacts to control other 
circuits. 
d. all of the above 
26. Commercial line voltages are usually square waves at a frequency of 
60 Bz. 
a. True b. False 
27. If an.ac voltage is applied to a resistor the current will increase, 
a. True b. False 
28. A formula for V^g is 
a. 0.707Vj^g 
b. 0.707Vp 
c. 2Vp 
d. 2.8Vp 
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29. A sine wave has a peak value of 169 V. What is the instantaneous 
value at a angle of 17® from the start of a cycle? 
a. 49.4 V c. 161 V 
b. 98.8 V d. 80.5 V 
Please refer to Figure 8-1 below: 
A 
G i 
30. See figure 8-1. The time from point A to C is called 
a. the frequency. c. the period. 
b. Vr d. the rms voltage. 
Please refer to Figure 8-2 below; 
20 V 
31. See figure 8-2. Find R^. 
a. 1.13 kn c. 4.77 kQ 
b. 4.7 kfl d- 6.2 kS 
32. See figure 8-2. Solve for V^ip-p. 
a. 21.44 V c. 42.88 V 
b. 6.84 V d. 13.68 V 
33. See figure 8-2. If R2 shorts, Vr2 will 
a. increase. 
b. decrease. 
c. remain the same. 
d. not change since the source is ac. 
34. See figure 8-2. Find the instantaneous voltage of Ri at an angle 
of 122°. 
a. 18.18 V c. 11.15 V 
b. 5.8 V d. 11.6 V 
35. The vertical deflection of a scope trace is 1.6 cm. The 
volts/division switch is set on 50 mV/cm. The voltage is 
a. 80 mV c. 1.6 mV 
b. 50 mV d. 0.008 V 
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36. If the area of the plates of a capacitor is decreased, then the 
capacitance will decrease. 
a. True b. False 
37. The time constant is the time required for a capacitor to fully 
chair ge. 
a. True b. False 
38. A capacitor has a charge of 1.175 fiC and a voltage of 25 V across 
it. What is the capacitance? 
a. 0.047 jjF C. 4.7 jXF 
b. 0.47 pF d. 47 fiF 
39. A 0.47 fiF capacitor has a voltage across it of 18 V. What charge is 
stored in the capacitor? 
a. 846 pF c. 8.46 ]2F 
b. 84.6 pF d. 0.846 fiF 
40. A capacitor is to be used in a circuit where the ac voltage is 120 
V. What should the dc working voltage of the capacitor be? 
a. 120 V c. 84.8 V 
b. 169 V d. 339 V 
41. Three capacitors are in series. Ci = 0.047 pF, C2 = 0.047 pF, C3 
= 0.47 fjF, and the source voltage is 25 V. What is Cg» and the 
voltage across C2. 
a. 0.022 fiF and 11.9 V c. 0.564 pF and 1.2 V 
b. 0.022 AiF and 25 V d. 0.564 uF and 11.9 V 
42. Two capacitors are connected in parallel across a 15 V source. Ci 
= 22 fiF and C2 = 100 fiF, Find and the voltage across Cj. 
a. 18 pF and 15 V c. 122 fjF and 15 V 
b. 18 fjF and 5.2 V d. 1220 fjF and 30 V 
43. A 47 fjF capacitor is in series with a 120 kQ resistor. What is the 
time constant? 
a. 0.564 ms c. 5.64 s 
b. 564 ms d. 54.6 s 
44. A 22 fiF capacitor is in series with a 47 kS2 resistor. How long will 
it take for the capacitor to completely cheorge? 
a. 1.034 s c. 8.272 s 
b. 2.068 s d. 5.17 s 
45. A 22 fjF capacitor is in series with a 4.7 k£2 resistor. How long 
will it take for the capacitor to completely discharge through the 
resistor? 
a. 0.827 s c. 0.207 s 
b. 0.517 s d. 0.103 s 
46- If an inductor is placed in a circuit with ac applied, the voltage 
across the inductor leads the current through it. 
a. True b. False 
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47. When a dc voltage is first applied to an inductor, the circuit 
current is zero. 
a. True b. False 
48. Two identical.inductors A and B have different currents through 
them. Inductor A*s current is the larger. Which inductor has the 
greatest inductance? 
a. A 
b. B 
c. both have the same 
49. Three inductors are in series. Li = 14 mH, L2 = 22 mH, and L3 = 
45 mH. Determine the total inductance. 
a. 81 } jE C. 81 mH 
b. 7.2 mE d. 20 mH 
50. A 50 mE inductor is in series with a 50 kS2 resistor. The source 
voltage is 50 V. What is the maximum current that will flow in the 
circuit? 
a. 1 pA c. 1 mA 
b. 100 jl(A d. 10 mA 
51. A 25 mH inductor has a voltage of 50 V with a frequency of 400 Hz 
applied to it. Find X%,. 
a. €2.8 Si c. 6.28 kQ 
b. 628 Q d. 62.8 kS 
52. A 15 fiE inductor is applied in a circuit. The Xj, of the inductor 
is 2.2 kS2. Determine the operating frequency. 
a. 23.4 kHz c. 4.28 MHz 
b. 23.4 MHz d. 4.28 kHz 
53. An inductor has a dc voltage applied to it. How many time constants 
will it take to completely build the magnetic field around it? 
a. 1 d. 4 
b. 2 e. 5 
c. 3 
54. A 100 fi3 inductor with a resistance of 12 Si is supplied with a 
source with a frequency of 100 kHz. What is Xtj? 
a. 62.8 kQ c. 6.28 O 
b. 62.8 Q d. infinite 
55. An inductor is in a circuit with a voltage of 25 V. The current is 
1.25 mA and the frequency is 100 Hz. What is Xj,? 
a. 31.25 n c. 3.125 kS 
b. 15.7 kQ d. 20 Q 
56. If a dc voltage is applied to the primary of a transformer, an ac 
voltage is induced in the secondary. 
a. True b. False 
57. A transformer with a turns ratio of 1:7 is a step down transformer, 
a. True b. False 
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58» When a 12 V battery is connected across the primary of a transformer 
with a turns ratio of 1:4, the secondary voltage is 
a. 0 V c. 48 V 
b. 12 V d. 3 V 
Please refer to Figure 11-1 below: 
IJOVnns (i.) 
59. See figure 11-1. If there are five times more turns in the primary 
than in the secondary, what is the secondary voltage? 
a. 600 V c. 24 V 
b. 120 V d. 12 V 
60. See figure 11-1. If the ratio of primary to secondary turns is 
changed to 9:1, what is the output voltage Vg? 
a. 13.3 V c. 53.2 V 
b. 26.6 V d. 106 V 
.61. See figure 11-1. If the primary to secondary turns ratio is changed 
to 4:1, and a load resistor of 1 kS is in the secondairy, what is the 
secondary current Ig? 
a. 480 mA c. 120 mA 
b. 240 mA d. 30 mA 
62. See figure 11-1. The primary to secondary turns ratio is 1:3 and 
Ig = 120 mA. What is the primary current Ip? 
a. 360 mA 
b. 40 mA 
c. 180 mA 
d. cannot compute because the voltage is not given 
63. See figure 11-1. The primary to secondary turns ratio is changed to 
2.5:1 and Ig = 100 mA. What is the reflected resistance seen by 
the primary? 
a. 1.2 kQ c. 3 kO 
b. 2-5 ka d. 5 kQ 
64. A circuit is giving you problems. The power transformer is 
delivering zero output volts. The input voltage to the primary is 
correct. A probable trouble is 
a. an partially shorted secondary. 
b. an open primary. 
c. a shorted primary. 
d. a partially shorted primary. 
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65. You are going to buy a matching transformer to match a 600 îî audio 
load to a 4 O speaker system. The primary should have 
more turns them the secondary. 
a. 12.24 
b. 150 
c. 3.06 
d. The primary should have less turns than the secondary. 
' 66. The total current in an RC circuit always lags the source voltage, 
a. True b. False 
67. The phasor combination of Xg and R is called Z. 
a. True b. False 
Please refer to Figure 12-1 below: 
Xc 
4  ^
120 Q R 
4000 
68. See figure 12-1. 
. . capacitance? 
a. 3.3 jàE 
b. 6.6 yS 
69. See figure 12-1. 
the is^edance. 
a. 120 Q 
b. 280 Q 
If the frequency is 400 Hz, what is the value of 
c. 8.8 yiE 
d. 10 pF 
If the source voltage is changed to 100 V, find 
c. 418 a 
d. 520 Q 
70. See figure 12-1. If the source voltage is changed to 100 V, 
calculate the true power. 
a. 22.9 W c. 3.66 W 
b. 22.9 mW d. 11 W 
71. See figure 12-1. If the operating frequency is decreased, what 
effect will that decrease have on the current? It will 
a. increase. c. decrease. 
b. remain the same. d. decrease to zero. 
72. See figure 12-1. If the operating frequency is decreased, what 
effect will that decrease have upv_ the phase angle? It will 
a. increase. c. decrease. 
b. remain the same. d. change to smother quadrant. 
73. See figure 12-1. If the operating frequency is decreased, what 
effect will that decrease have upon the value of the capacitor? It 
will 
a. increase. c. decrease. 
b. remain the same. d. change to another quadrant. 
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74. See figure 12—1. If the operating frequency is decreased, what 
effect will it have on the value of the resistor? It will 
a. increase. c. decrease. 
b. remain the same. d. open. 
- 75. See figure 12—1. If the resistor is changed to 2.2 kS2, what effect 
will that change have upon the total current? It will 
a. increase. c. decrease. 
b. remain the same. d. decrease to zero. 
76. The impedsmce of an BL series circuit vauries inversely with the 
frequency. 
a. True b. False 
77. The iinpedance of a series RL circuit is found by adding the values 
of X]-, and R. 
a. True b. False 
78. The cutoff frequency of a high-pass RL filter is 55 kHz. The 
filter's bandwidth is 
a. 55 kEz c. 0 kHz 
b. 110. kHz d. unknown 
Please refer to Figure 13-1 below: 
10 V 
79. See figure 13-1. If the frequency is changed to 400 Hz, what is the 
value of the inductetnce? 
a. 39.8 mH c. 25.12 mH 
b. 39.8 H d. 25.12 H 
80. See figure 13-1. If the source voltage is changed to 100 V, find 
the ia^edance. 
a. 104 Q c. 1.12 kO 
b. 112 a d. 1.04 kQ 
81. See figure 13-1. If the source voltage were changed to 100 V, 
calculate the true power. 
a. 40 mW c. 16 W 
b. 4 W d. 40 W 
82. See figure 13-1. If the operating frequency is decreased, the 
current will 
a. increase c. remain thé same 
b. decrease d. decrease to zero 
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83. See figure 13-1. If the operating frequency is decreased, the phase 
angle will 
a. increase. c. remain the same. 
b. decrease d. change to another quadrant. 
84. See figure 13-1. If the operating frequency is decreased, the value 
of inductance will 
a. increase. c. remain the same. 
b. decrease d. decrease to zero. 
Please refer to Figure 13-2 below: 
R 
2^kn 4 3.3 kO 
85. See figure 13-2. If the value of the resistor is changed to 1.5 ki2, 
the total current will 
a. increase. c. remain the same. 
b. decrease.- d. decrease to zero. 
86. At resonance, a series SLC circuit has an impedance equal to the 
resistance. 
a. True b. False 
87. A parallel resonant circuit has mi nimnm ia^edance and wiavirni-iTn line 
current. 
a. True b. False 
Please refer to Figure 14-1 below: 
-Wr 
i? s 2511 » 100 a Xc  ^so il 
v.-6 V 
88. See figure 14-1. If you desired to operate this circuit at a 
frequency above resonaince, you would the resistance and 
the frequency. 
a. increase, increase c. not chemge, increase 
b. decrease, decrease d. not change, decrease 
89. See figure 14-1. If the frequency of the source voltage is 
decreased, the inçedance will and the current will 
a. decrease, decrease 
b « decrease, increase 
c. increase, increase 
d. increase, decrease 
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90. See figure 14-1. If the resistance R were decreased, the impedance 
would 
a. increase c. remain the same 
b. decrease d. become zero 
Please refer to Figure 14-2 below: 
VW ' 860 ^  
sa 3on 
50 V 
91. See figure 14-2. If the value of R were decreased, the bandwidth 
would 
a. increase. c. decrease. 
b. remain the same. d. vary. 
92. See figure 14-2. If the resistor shorts, the current would 
a. increase. 
b. not change. 
c. decrease. 
d. continue but the circuit would not be resonant. 
93. A resonant circuit with a high Q means that it 
a. has a very wide pass-band. 
b. tunes sharply. 
c. has no pass-band. 
d. has a small voltage across the capacitor. 
94. The resonant frequency of a tank circuit with L = 150 mH and C = 300 
pF is 
a. 23.7 Hz c. 237 kHz 
b. 23.7 kHz d. 2.37 MHz 
95. What is the bandwidth of a circuit resonant at 1.42 MHz, if = 
3.5 kC and the coil resistance is 8 ohm? 
a. 3.245 kHz c. 1.42 MHz 
b. 2285 Hz - d. 32.5 kHz 
96. An RC integrating circuit has a 22 kfi resistor in series with a 0.02 
pF capacitor. What is the time constant? 
a. 0.544 ms c. 0.44 ms 
b. 0.044 ps d. 0.44 s 
97. An integrating circuit has a 10 kO resistor in series with a 220 juF 
capacitor. What is the time constant? 
a. 2.2 ms c. 0.22 ms 
b. 22 ms d. 2.2 s 
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98. A 5.2 HQ resistor is in series with a 0.22 ^ tF capacitor. How long 
will it take to con^letely charge the capacitor? The source voltage 
is 12 V. 
a. 5.72 s c. 2.288 s 
b. 1.144 s . d. 4.576 s 
99. A 0.47 pF capacitor is cheirged to 15 V. You discharge it through a 
10 kfi resistor. How long will it take to cos^letely discharge the 
capacitor? 
a. 2.35 8 c. 23.5 ms 
b. 0.47 ms d. 0.18 ms 
100. A 30 V pulse is applied to an RC integrator. The pulse width equals 
one time constant. Find at the end of the pulse. 
a. 18.96 V c. 28.5 V 
b. 25.95 V d. 29.4 V 
